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PREFACE 


In 1874 Kern published at Leiden a text called the 
Aryabhatiya which claims to be the work of Arya- 
bhata, and which gives (III, 10) the date of the birth 
of the author as 476 a.p. If these claims can be sub- 
stantiated, and if the whole work is genuine, the 
text is the earliest preserved Indian mathematical and 
astronomical text bearing the name of an individual 
author, the earliest Indian text to deal specifically 
with mathematics, and the earliest preserved astro- 
nomical text from the third or scientific period of 
Indian astronomy. The only other text which might 
dispute this last claim is the Süryasiddhünta (trans- 
lated with elaborate notes by Burgess and Whitney 
in the sixth volume of the Journal of the American 
Oriental Society). The old PO YAAA undoubt- 
edly preceded Aryabhata, but the abstracts from it 
given early in the sixth century by Var&hamihira in 
his Paficasiddhdniika show that the preserved text 
has undergone considerable revision and may be later 
than Aryabhata. Of the old Paulisa ane Romaka 


QuAHhPFmwmino amr nf tha tr ansiti onal Va ratha Q7 


Siddhāntas, and of the transit stha Si- 
ddhénta, nothing has been pr eser red a exc al ne short 
abstracts given by Varühamihira.' The names of sev- 
eral astronomers who preceded Aryabhata, or who 
were his contemporaries, are known, but nothing has 
been preserved from their writings except a few brief 


froornantae 
Li Og tial Ue 


The Aryabhattya, therefore, is of the greatest im- 
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Ta m a a oe ee a oe i Y tha hy ae nf Tian math 
por tance in the histor UL ADA Tabi 


astronomy. The second section, which ae with 
mathematics (the Ganitapdda), has been translated 
by Rodet in the Journal asiatique (1879), I, 393- 
434, and by Kaye in the Journal of the Asiatic Society 
of Bengal, 1908, pages 111-41. Of the rest of the work 


no translation [uM appeared. and onlv a few of the 


A V WA CALAN BEA VA ER BU Winn uibs WAS WAS MA VALL WV 


stanzas have been discussed. The aim ob this work is 
to give a complete translation of the Aryabhatiya with 
references to some of the most important parallel 
passages which may be of assistance for further study. 
The edition of Kern makes no pretense of giving a 
really critical text of the Aryabhatiya. It gives merely 
the text which the sixteenth-century commentator 
Parame$vara had before him. There are several un- 
certainties about this text. Especially noteworthy is 
the considerable gap after IV, 44, which is discussed 
by Kern (pp. v-vi). The names of other commenta- 
tors have been noticed by Bibhutibhusan Datta in 
the Bulletin of the Calcutta Mathematical Society, 
XVIII (1927), 12. All available manuscripts of the 


taet shell ha annanltad all tha nthar anmmantatana 
UCAZA.U SOLIVULE VO VWYULIPDULUOU, Gall ULIO U ULLOI ULELLICILUCLUULI! 


sh 10uld be studied, and a careful comparison of the 
Aryabhatiya with the abstracts from the old si- 
ddhünias given by Var&hamihira, with the Süryasi- 
ddhanta, with the Sisyadhivrddhida of Lalla, and with 
the Bradhmasphutasiddhanta and the Khandakhadyaka 
of Brahmagupta should be made. Al the later quota- 
tions from Aryabhata, especially those made by the 
commentators on Brahmagupta and Bhaskara, should 
be collected and verified. Some of those noted by 


Colebrooke do not seem to fit the published Arya- 
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bhatiya. it SO, were they based on a los 
Aryabhata, on the work of another Ce or 
were they based on later texts composed by followers 
of Aryabhata rather than on a work by Aryabhata 
himself? ped dou would be a eareful study 


MOERS NE 


nont m E on RON bee dM pe ^ ddza 
UWAL A4 LLN Ah US A 
'a 


tu Brahmagupta, who, to judg 
from Sudhskara use of him in his edition of the 
Bra imde ohwlatidd landa: frequently disagrees with 
Brahmagupta and upholds Aryabhata against Brah- 
magupta’s criticisms. 

The present translation, with its brief notes, 
makes no pretense at completeness. It is a prelimi- 
nary study based on inadequate material. Of several 
passages no translation has been given or only a ten- 
tative translation has been suggested. A year’s work 
in India with unpublished manuscript material and 
the help of competent pundits would be required for 
the production of an adequate translation. I have 
thought it better to publish the material as it is rather 
than to postpone publication for an indefinite period. 
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i 
scholars to the problem, arousing criticism, and en- 
couraging them to make available more adequate 
manuscript material. 


There has been much discussion as to whether the 


namm FS nf tha authan ahanla ha anallag Ameca hhata or 
Laine OL we AULAOL SHOW DC SPChea zilyaUihayd OF 


Aryabhatta. Bhata means “hireling,” “mercenary,” 


1See especially Journal of the Royal Asiatic Society, 1865, pp. 
392-93; Journal asiatique (1880), II, 473-81; Sudhakara Dvivedi, 
Ganakatarangini, p. 2. 
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“warrior,” and bhaita means “learned man," ‘‘schol- 
ar." Aryabhatta is the spelling which would natural- 
ly be expected. However, all the metrical evidence 
seems to favor the spelling with one t It is claimed 


metrical reasons, and does not prove that Arya- 
bhata is the correct spelling. It is pointed out that 
Kern gives the name of the commentator whom he 
edited as Paramàdisvara. The name occurs in this 


+ : 
y 
3 


LEN haa tha m m Fa A 
in ALLU tner AU LLG CIU, 


as Parameśvara, and this doubtless is the correct form. 
However, until more definite historical or metrical 
evidence favoring the spelling Aryabhatta is produced 
I prefer to keep the form Aryabhata. 

The Aryabhatiya is divided into four sections 
which contain in all only 123 stanzas. It is not a com- 
plete and detailed working manual of mathematics 
and astronomy. It seems rather to be a brief descrip- 
tive work intended to supplement matters and proc- 
esses which were generally known and agreed upon, 
to give only the most distinctive features of Arya- 
bhata’s own system. Many commonplaces and many 
simple processes are taken for granted. For instance, 
there are no rules to indicate the method of calculat- 
ing the ahargana and of finding the mean places of the 
planets. But rules are given fôr calculating the true 
places from the mean places by applying certain cor- 


rections, although even here there is no statement of 
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the method by which the corrections themselves are 
to be calculated. It is a descriptive summary rather 
than a full po manual like the later karana- 


It is d bur le whether Aryabhata himself com- 
posed another treatise, a karanagranth migh 


J niha W which might 
a basis for practical calculation, or 
whether his methods were confined to oral tradition 
handed down in a school. 
Brahmagupta! implies knowled 


E 


ge of two works by 
Aryabhata, one giving three hundred süvana days in 
a yuga more than the other, one beginning the yuga 


at sunrise, the other at midnight. He does not seem 
to treat these as works of two different Aryabhatas. 
This is corroborated by Paficasiddhàntika, XV, 20: 
‘“Aryabhata maintains that the beginning of the day 
is to be reckoned from midnight at Lanka; and the 
same teacher [sa eva] again says that the day begins 
from sunrise at Lankā.” Brahmagupta, however, 
names only the Daáagitika and the Arydstasata as the 
works of Aryabhata, and these constitute our Arya- 
bhatiya. But the word audayikatanira of Brahma- 
sphutasiddhadnta, XI, 21 and the words audayika and 
drdhardatrika of XI, 18-14 seem to imply that Brahma- 
gupta is distinguishing between two works of one 
Aryabhata. The published Aryabhatiya (I, 2) begins 
the yuga at sunrise. The other work may not have 
been named or criticized by Brahmagupta because of 
the fact that it followed orthodox tradition. 

Alberuni refers to two Aryabhatas. His later 

1 Brühmasphutasiddhànta, XI, 5 and 13-14. 
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Aryabhata (of Kusumapura) cannot be the later 
Aryabhata who was the author of the Mahüsiddhànta. 
The many quotations given by Alberuni prove con- 
clusively that his second Aryabhata was identical 


À 11 


Aryabhata or Alberuni mistakenly treats the author 
of our Aryabhatiya as two persons. If this author 
really composed two works which represented two 
slightly different points of view it is easy to explain 


I TES Sane eed ten y v qM CASA 


=l c 


mL a publi ehang tact POM T 


ine puolisnea text begins with 13 stanzas, 10 of. 


which give in a peculiar alphabetical notation and in 
a very condensed form the most important numerical 


elements of Aryabhata’s system of astronomy. In 
ordinary language or in numerical words the material 


——C o AAA MR ee er ae AMA. ee ME dedi, Ne da iU uf de oh A, 


would have occupied at least four times as many 
stanzas. This section is named Dasagitikasdtra in the 
concluding stanza of the section. This final stanza, 
which is a sort of colophon; the first stanza, which is 
an invocation and which states the name of the 


author; and a paribhàsà stanza, which explains the 


oe ee ee Va we $e MM NM o MEA Md SN | WOW ddech WS dili. werp » KAJ vde da AR ULL 


peculiar alphabetical notation which is to be em- 
ployed in the following 10 stanzas, are not counted. 
I see nothing suspicious in the discrepancy as Kaye 
does. There is no more reason for questioning the 
authenticity of the paribhüsü stanza than for ques- 
tioning that of the invocation and colophon. Kaye 

! For a discussion of the whole problem of the two or three Arya- 


bhatas see Kaye, Bibliotheca mathematica, X, 289, and Bibhutibhusan 
Datta, Bulletin of the Calcutta Mathematical Society, XVII (1926), 59. 


Y 


PREFACE xi 


1,1 1*1 


would like to eliminate it since it seems to furnish 
evidence for Aryabhata’s knowledge of place-value. 
Nothing is gained by doing so since Lalla gives in 
numerieal words the most important numerical ele- 
ns 
betical notation in general be worked out and 
just as satisfactory evidence a place-value furnished. 
Further, Brahmagupta (Brühmasphutasiddhànta, XI, 
8) names the Daásagitika as the work of Aryabhata, 
, quotations (XI. 5: I, 12 and XI. 4: XI 


t See ee | i Pye eke ES E xx) 
nzi 

B (although KA almost fni contains a 
quotation of stanza 5 of our Dasagitika. Other stanzas 
are clearly referred to but without direct quotations. 
Most of the Dasagiitka as we have it can be proved 
to be earlier than Brahmagupta (628 a.p.). 

The second section in 33 stanzas deals with 
mathematics. The third section in 25 stanzas is 
called Kdlakriyd, or “The Reckoning of Time." The 
fourth section in 50 stanzas is called Gola, or '"The 
Sphere." Together they contain 108 stanzas. 


The Bráhmasputasiddhànta of Brahmagupta was 
composed in 628 A.D., just 129 years after the Arya- 
bhatiya, if we accept 499 a.n., the date given in III, 
10, as being actually the date of composition of that 
work. The eleventh chapter of the Brahmasphuta- 
siddhànta, which is called “Tantrapariksa,”’ and is 
devoted to severe criticism of previous works on 
astronomy, is chiefly devoted to criticism of Arya- 
bhata. In this chapter, and in other parts of his work, 
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Brahmagupta refers to Aryabhata some sixty times. 
Most of these passages contain very general criticism 
of Aryabhata as departing from smrti or being igno- 
rant of astronomy, but for some 30 stanzas it can be 


shown that the identical stanzas or stanzas of iden- 
UlUCcCLhl CULL ies VY CIC ALU) vv LL vuU LJL E P va enu 
Hn Y < O 


ascribed to Aryabhata. In XI, 8 Brahmagupta names 
the Arydstasata as the work of Aryabhata, and XI, 
43, jGndty ekam api yato nàryabhato gamitakalago- 
landm, seems to refer to the three sections of our 


Aryas tasaia. These t ^ j jv. ns ] cua Wena U J 
1AQ eteonmeac WTA ctonmgza funny, tha ARAL A An wnatha 
LUO Dlall4awn. ANU Sbatli4da LIULL ULLO SUCUGCULUIL ULL lo vlic- 


maties has been quoted or eritieized by Brahma- 
gupta, but it is hazardous to deduce from that, as 
Kaye does, that this section on mathematics is 
spurious and is a much later addition.? To satisfy the 
conditions demanded by Brahmagupta's name Aryd- 
síasata there must have been in the work of Arya- 
bhata known to him exactly 33 other stanzas forming 
a more primitive and less developed mathematics, or 
these 33 other stanzas must have been astronomieal 
in character, either forming a separate chapter or 
scattered through the present third and fourth sec- 
tions. This seems to be most unlikely. I doubt the 
validity of Kaye's contention that the Ganitapdda was 
later than Brahmagupta. His suggestion that it is by 
the later Aryabhata who was the author of the 
Mahasiddhania (published in the “Benares Sanskrit 


1 Op. cit., X, 291-92. 


2 For criticism of Kaye see Bibhutibhusan Datta, op. cit., 
XVIII (1927), 5 
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Series” and to be ascribed to the tenth century or 
even later) is impossible, as a comparison of the two 
texts would have shown. 


I feel justified in assuming that the Aryabhatiya 
on the whole is genuine. It is, of course, possible that 
at a latae naman Cu A DI atanrsaa tan MS, lae D 
Xv & icUvUCL pULLULL SULLIC LOW SUvdll4do5 illdy Mavt VUUUH 

A 


changed in wording or even supplanted by other 
stanzas. Noteworthy is I, 4, of which the true reading 
bhüh, as preserved in a quotation of Brahmagupta, 
has been changed by Paramesvara or by some pre- 


7 wv 
ceding commentator to bham in order to eliminate 
ww tometer ae Mt d Net Aala A OA ECCE e ww wiry AD ed ln Wl Nf ae all 
Aryaonayas theory oi the rotation oi the Marin. 


Brahmagupta criticizes some astronomical mat- 
ters in which Aryabhata is wrong or in regard to which 
Aryabhata’s method differs from his own, but his 
bitterest and most frequent criticisms are directed 
against points in which Aryabhata was an innovator 
and differed from smrti or tradition. Such criticism 
would not arise in regard to mathematical matters 
which had nothing to do with theological tradition. 
The silence of Brahmagupta here may merely indicate 
that he found nothing to criticize or thought criticism 
unnecessary. Noteworthy is the fact that Brahma- 
gupta does not give rules for the volume of a pyramid .. 
and for the volume of a sphere, which are both given 
incorrectly by Aryabhata (II, 6-7). This is as likely 
to prove ignorance of the true values on Brahma- 
gupta’s part as lateness of the rules of Aryabhata. 
What other rules of the Ganitapdda could be open to 
adverse criticism? On the positive side may be 
pointed out the very close correspondence in termi- 
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nology and expression between the fuller text of 
Brahmagupta, XVIII, 3-5 and the more enigmatical 
text of Aryabhatiya, II, 32-33, in their statements of 
the famous Indian method (kuitaka) of solving inde- 


terminate equations of the first degree. Tt seems prob- 
able to me that Brahmagupta had before him these 


two stanzas in their present form. It must be left to 

the mathematieians to decide which of the two rules 

is earlier. 

The only serious internal discrepancy which I have 
0 ! a 


Aryabhatiya i 
al 
at the heavenly bodies 
revolve about it, but there is evidence in the Arya- 
bhatiya itself and in the accounts of Aryabhata given 
by later writers to prove that Aryabhata maintained 
that the Earth, which is situated in the center of 
space, revolves on its axis, and that the asterisms are 
stationary. Later writers attack him bitterly on this 
point. Even most of his own followers, notably Lalla, 
refused to follow him in this matter and reverted to 
the common Indian tradition. Stanza IV, 9, in spite 
of Paramesvara, must be interpreted as maintaining 
that the asterisms are stationary and that the Earth 
revolves. And yet the very next stanza (IV, 10) seems 
to describe a stationary Earth around which the 
asterisms revolve. Quotations by Bhattotpala, the Và- 
san&vürttika, and the Marici indicate that this stanza 
was known in its present form from the eleventh cen- 
tury on. Is it capable of some different interpreta- 
tion? Is it intended merely as a statement of the 


PREFACE XV 


popular view? Has its wording been changed as has 
been done with I, 4? I see at present no satisfactory 
solution of the problem. 

Colebrooke! gives caturvimsaty amsais cakram 


ubharyato naerhot ge o niotation hv M iniévara fram 
ve gue e e NH ULM CUM ex M] VEM Uw VV AR MU VALALJLARAJS Y ULL CU ALVAL. 
dX Wa mcg uq RR ae a p) PEE e ERE ci S 
une Aryasiasaia oi ATyaonata. Lis wowa indicate a 
] L ay 


knowledge of a libration of the equinoxes. No such 
statement is found in our Arydstasata. The quotation 
should be verified in the unpublished text in order 
to determine whether Colebrooke was mistaken or 


Wy e are aes by a real diserenancy Tha 
WULUDS no LLL P Li Ui LILO IVLAILILIGOI VVILIUIL 


or ot ri0una 

as a been “published | in the Pandit. 
The following problem also needs elucidation. Al- 
though Brahmagupta (XI, 43-44) 

|. jindty ekam api yato nàryabhato ganitakalagolàn&m | 


na maya proktani tatah prthak prthag dūşaņāny eşām || 

áryabhatadüsanünam samkhyà vaktum na $akyate yasmāt | 

tasmád ayam udde$o buddhimatàünyàni yojyani || 
sums up his criticism of Aryabhata in the severest 
possible way, yet at the beginning of his Khanda- 
khüdyaka, a karanagrantha which has recently been 
edited by Babua Misra Jyotishacharyya (University 
of Calcutta, 1925), we find the statement vaksydmt 
khandakhddyakam àcaryüryabhatatulyaphalam. It is 
curious that Brahmagupta in his Khandakhddyaka 
should use such respectful language and should follow 
the authority of an author who was damned so un- 
mercifully by him in the Tantrapariksa of his Brahma- 
sphutasiddhanta. Moreover, the elements of the Khan- 


1 Miscellaneous Essays, II, 378. 
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Aryabhatiya. a Ts Aliis m De faken as an adean 
that Brahmagupta here is following an older and a dif- 
ferent Aryabhata? If so the Brähmasphutasiddhānta 
gives no clear indication of the fact. Or is he fol- 
lowing another work by the same Aryabhata? Ac- 
cording to Diksit,? the Khandakhddyaka agrees in all 
essentials with the old form of the Süryasiddhünta 
rather than with the Brüáhmasphutasiddhünta. Just as 
Brahmagupta ian ae two different’ works 80 


work may have been cast in a traditional mold, may 
have been aer on n ihe old Süryas:ddhània, or have 
formed a commentary upon it. 

The Mahüsiddhünta of another Aryabhata who 
lived in the tenth century or later declares (XIII, 14): 
vrddharyabhataproktat siddhantad yan mahakalat | 
pathair gatam ucchedam visesitarh tan maya svoktya || 
But this Mahasiddhanta differs in so many particulars 
from the Aryabhatiya that it is difficult to believe that 
the author of the Aryabhatiya can be the one referred 
to as Vrddhadryabhata unless he had composed an- 
other work which differed in many particulars from 
the Aryabhatiya. The matter needs careful investiga- 

tion.® 

1 Of. Paficasiddhüntikà, p. xx, and Bulletin of the Calcutta Mathe- 
matical Society, X VII (1926), 69. 

2 As reported by Thibaut, Astronomie, Astrologie und Mathematik, 
pp. 55, 59. 


$ See Bulletin of the Calcutta Mathematical Society, XVII (1926), 
66-67, for a brief discussion. 
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'This monograph is based upon work done with me 
at the University of Chicago some five years ago by 
Baidyanath Sastri for the degree of A.M. So much 
additional material has been added, so many changes 
have been made, and so many of the views expressed 
would be unacceptable to him that I have not felt 
justified in placing his name, too, upon the title-page 
as joint-author and thereby making him responsible 
for many things of which he might not approve. 


HARVARD UNIVERSITY 
April, 1929 


the publication by Prabodh Chandra Sengupta of a 
translation of the Aryabhatiya in the Journal of the 
Department of Letters (Calcutta University), XVI 
(1927). Unfortunately it has not been possible to 
make use of it in the present publication. 


April, 1930 


List OF ABBREVIATIONS 


TABLE OF CONTENTS 


I. DASAGITIKA OR THE TEN CiTI BEANS 
À. Invocation . 
B. System of Expressing Numbers by Letters of 


in Oo AlMirere 


iiic yuyu . 


. Revolutions of neis of Moon, Con icno of 


Planets, and Node of Moon in a yuga; Time 
and Place from Which Revolutions Are To 
Be Calculated 


. Number of Manus in a kalpa; N urbe m yugas 


in Period of a Manu; Part of kalpa Elapsed up 
to Bhàrata Battle 


. Divisions of Circle; Circumference of Sky gud 


Orbits of Planets in : yojanas; Earth Moves One 


Y x2 cel ps 


Rala utut AA ADEL 
AGW lll d prana, Orbit of Sun One-sixtieth 


That of Asterisms 


. Length of yojana; Diameters of Earth, Sun, 


Moon, Meru, and Planets; Number of Years 
in a yuga . . . 


. Greatest Declination of Ecliptic nGa 


7. 


Deviation of Moon and Planets from Keliptic; 
Measure ofanr . 
Positions of Ascending Nodes of Planets, m 


of Apsides of Sun and Planets . 


8-9. Dimensions of Epicycles of Apsides and Cun: 


junctions of Planets; Circumference of Earth- 
Wind 


10. Table of Sine Differences 
C. Colophon 


xix 


eo 


12 


18 


15 


16 


16 


18 


19 
20 


TABLE OF CONTENTS 


g 


rANITAPĀDA OR MATHEMATICS . 


1. Invocation 

2. Names and Values of Classes of Numbers Tnereas- 

ing by Powers of Ten . 

. Definitions of Square argo) oad Cube (ghana) . 

. Square Root 

. Cube Root . . 

. Área of Triangle; Volume of Pyramid 

. Area of Circle; Volume of Sphere . . . 

. Área of Trunenum: Length of Perpendieulars froin 

Intersection of Diagonals to Parallel Sides 

. Area of Any Plane Figure; Chord of One-sixth Cir- 

cumference Equal to Radius 

10. Relation of Circumference of Circle ‘i Diameter 

11. Method of Constructing Sines by Forming Tri- 
angles and Quadrilaterals in Quadrant of Circle . 

12. Caleulation of Table of Sine-Differences from 
First One . f 

13. Construction of Circles, “Triangles. d Quadri- 
laterals; Determination of Horizontal and Per- 
pendicular 

14. Radius of khavrita (os Sport: Hypotenuse of 
Right-Angle Triangle Formed by Gnomon and 
Shadow jn aut: ok, de. (Os. cet. oe 

15-16. Shadow Problems 


Pe RA OT AV, INS Se NE eee el 


OO -I C» Ot i» OO 


co 


17. Hypotenuse of Risht-Ángis Thanele Balaton of 


Half-Chord to Segments of Diameter Which 
Bisects Chord . "m 

18. Calculation of sampütaéaras When wo Girdles 
Intersect 

19-20. Arithmetical Progression à 

21. Sum of Series Formed by Taking Sums of Terms 
of an Arithmetical Progressien . 

22. Sums of Series Formed by Taking Sadares PT 
Cubes of Terms of an Arithmetical Progression . 


97 


37 


TABLE OF CONTENTS xxi 


23. Product of Two Factors Half the Difference be- 
tween Square of Their Sum and Sum of Their 


Squares . . 38 
24. To Find Two F Beir When Product and Differ- 

ence Are Known. . . . . . . . . 88 
25. Interest. . "GU M -. 
26. Rule of Three (Proportion Rae, Al ee Mea ay “OU 
27. Fractions . . . hb cx t dd owe. & 338 
28. Inverse Method . . 40 


29. 'To Find Sum of Several Number When Results 
Obtained by Subtracting Each Number from Their 
Sum Are Known. . 40 
30. To Find Value of Unknown When Two Equal 
Quantities Consist of Knowns and Similar Un- 


knowns . . 4l | 

31. To Calculate Their Past and Future Con units 
from Distance between Two Planets . . . 41 

32-33. Indeterminate Equations of First Degree 
(kutaka) . . . . ws . 48 
III. KALAKRIYĀ OR THE RECKONING OF TIME . . . 51 

1-2. Divisions of Time; Divisions of Circle Cue 
spond . . . . 51 

3. eset and vvalīpātas of Two Planets i in a 
yuga . . oom se wh 

4. Number of Revolutions of Epicycles of Planets; 
Years of Jupiter . . 51 

5. Definition of Solar Year, Lunar Month, Civil Day, 
and Sidereal Day. . . 52 


6. Interealary Months and Omitted Dunar Days . 62-8 
7-8. Year of Men, Fathers, and Gods; yuga of All 


the Planets; Day of Brahman . . . 53 
9. Utsarpini, avasarpini, susamd, and dussama as 
Divisions of yuga, . . 53 


10. Date of Writing of  Aryabhaiv; Aes of Kathor ii 
Time . . . "e : . 54 


xxii 


IV. 


TABLE OF CONTENTS 


ii. Yuga, Year, Month, and Day Began at First of 
Cattra; Endless Time Measured by Movements of 
Planets and Asterisms ; 

12. Planets Move with Equal Speed: Time i in Which 
They Traverse Distances Equal to Orbit of Aster- 
isms and Circumference of Sky . 

18. Periods of Revolution Differ because Orl bits Differ 
in Size í 

14. For Same Benson Signs, Dees and Minutes 
Differin Length . . . 

15. Order in Which Orbits of Planets Are Arranged 


{1 = 41. Ll, 


(Deneaun ee Asterisms) around Earth as Center 


16. Planets as “Lords of Days" (of W eek) 
"nem 
17 


. Planets Move with Their Mean Motion on Orbits 
and Eccentric Circles Eastward from Apsis and 
Westward from Conjunction . . 

18-19. Eccentric Circle Equal in Size io Orbit; Its 
Center Distant from Center of Earth by Radius 
of Epicycle 

20. Movement of Planet « on Epieycle; When ahead of 
and When behind Its Mean Position . . 

21. Movement of Epicycles; Mean Planet (oa Its 
Orbit) at Center of Epicycle ; 

22-24. Calculation of True Places of Planets from 


aan Dla noc 
Mean P X IaCes * . 
clu 9 Pre mi TIRE c. LOEO Sena [A m 
25. Calculation of True Distance between Planet and 
Earth 


GOLA OR THE SPHERE . . 

1. Zodiacal Signs in Northern and Southern Halves 
of Ecliptic; Even Deviation of Ecliptie from 
Equator . . 

2. Sun, Nodes of Moon and Planets, and Earth's 
Shadow Move along Eeliptig 

3. Moon, Jupiter, Mars, and Saturn Cross Ecliptic 
at Their Nodes; Venus and ae at Their 
Conjunctions . a ed, ET 


4. 


TABLE OF CONTENTS 


Distance from Sun at Which Moon and Planets 
Become Visible : r 
. Sun Illumines One Half of ‘Earth, Planets, and 
Asterisms; Other Half Dark 


6-7. Spherical Earth, Surrounded by “Orbits of 


on 


co 


4n 
LV. 


11- 


19 
io. 


Planets and by Asterisms, Situated in Center of 
Space; Consists of Earth, Water, Fire, and Air . 
Radius of Earth Increases and Decreases by a 
yojana during Day and Night of Brahman 


. At Equator Stationary Asterisms Seem To Move 


Straight Westward; Simile of Moving Boat and 
Objects on Shore . Puis cs iat wy de e 
Asterisms and Planets, Driven by Provector 
Wind, Move Straight Westward at Equator— 
Hence Rising and Setting 

12. Mount Meru and Vadavamukha (North ‘ane 
South Poles); Gods and Demons Think the Others 
beneath Them 


TA. xg mod I 


rour Cities OLL Equator a Quadrant Apar t; Sun- 
rise at First Is nee pee at 
Others . 

. Lanka (on ee 90° dion Poles; Uji jain 903° 
North of Lanka 

. From Level Place Half of Stellar Senet minus 
Radius of Earth Is Visible; Other Half plus Radius 
of Earth Is Cut Off by Earth : 

. At Meru and Vadavamukha Northern und South- 
ern Halves of Stellar Sphere Visible Moving from 
Left to Right or Vice Versa . 

. At Poles the Sun, after It Rises, Visible for Half- 
Year; on Moon the Sun Visible for Half à Lunar 
Month . à 

. Definition of Prime Vela Meridian; end 
Horizon 

. East and West HoumsCirále Püssitg through Poles 
(unmandala) TP Ex 


xxiii 


bo 
bo 


is ne f 
: Radius "s Day-Cirde 


TABLE OF CONTENTS 


VWartinal Wlarnerian and Parnand Neg Ps ae 
P rime LAM LiCaL, Ju eriaian, Allu L erpendicular Irom 


Zenith to Nadir Intersect at Place Where Observer 
Is 


; Vertical Circle Passing through Planet arid Place 


Where Observer Is (dramandala); Vertical Circle 


theanah Nanaranmal Pa oin nt f Amla laam w 


. 

tasang twnrougn iwonagesunai r lí \Qrnngepa- 

mandala) 

Jt vu Www y * [ . 
. 

Construction of Wooden Globe Caused To Re- 


Heavenly Bodies 


: pni Bodies Depicted on This; Equinoetial 


Sine (Sine of Latitude) Is Base; ‘Aine of Co- 
* LJ a 
latitude ihe - Midday of Equinoctial Day) 


Right Ascension of Signs of Zodiae 


. Earth-Sine Which Measures Increase saa De- 


crease of Day and Night 


. Oblique Ascension of Signs of Zodiac 
. Sanku of Sun (Sine of Altitude on Vertical Cirle 


Passing through Sun) at Any Given Time 


. Base of sanku (Distance from Rising and Setting 


Line) 


. Amplitude of Sun (agra) ; 
. Sine of Altitude of Sun When Crossing Piin 


Vertical 


. Midday Si and Shadow. ; 
. Sine of Ecliptic Zenith-Distance (driksepajyü) 
. Sine of Ecliptic Altitude (drggatijyà) ; Parallax 


35-36. Drkkarman (ākşa and àyana) 


37. 


Moon Causes Eclipse of Sun; Shadow of Farth 
Causes Eclipse of Moon . a o & 8 


. Time at Which Eclipses Occur . 

. Length of Shadow of Earth * . 

. Diameter of Earth's Shadow in Orbit ot Moon 
. Sthityardha (Half of Time from First to Last 


Contact) 


70 


-I 
c2 


TABLE OF CONTENTS XXV 


42. Vimardardha (Half of Time of Total Obscuration) 79 


43. Part of Moon Which Is Not Echpsed . . . . 79 
44. Amount of Obscuration at Any Given Time . .79-80 
45. Valana. . . e ou 80 


46. Color of Moon at Different Parte òf T otal Eclipse 81 
47. Eclipse of Sun Not Perceptible if Less than One- 
eighth Obscured . . 81 
48. Sun Calculated from Consunction (npa) of Earth 
and Sun, Moon from Conjunction of Sun and 


Moon, and Other Planets from Conjunction of 
Planet and Moon P." Oi 0.243. dk. Ro AR UR 
49-50. Colophon . . . . . . . . . . . 8l 
GENERAL INDEX . . . . . . . . . . . . 88 
SANSKRIT INDEX 89 


LIST OF ABBREVIATIONS 


Alberuni...............sss. Alberuni’s India. Translated by 
E. C. Sachau. London, 1910. 

Barth (CEuvres)............. CEuvres de Auguste Barthe. 3 vols. 
Paris, 1917. 

BOM vi ind toes tedetn iet Bulletin of the Calcutia Mathe- 


matical Society. 

Bhaskara, Ganitàdhyaya . .... Edited by Bapu Deva Sastri; re- 
vised by Ramachandra Gupta. 
Benares (no date). 

Bhiaskara, Goladhyadya....... Edited by Bapu Deva Sastri; re- 
vised by Ramachandra Gupta. 
Benares (no date). 

Edited by Girija Prasad Dvivedi. 

Lucknow: Newul Kishore Press, 
1911. 

Bhattotpala...:............ The Brhat Samhita by Varaha- 
mihira with the commentary 
of Bhattotpala. “Vizianagram 
Sanskrit Series,” Vol. X. Be- 
nares, 1895-97. 


Bibl Olla. [aut oexéed dad £2 Bibliotheca mathematica. 
Brahmagupta.............. Refers to Brahmasphujasiddhania. 
Brühmasphufasiddhànta. . . ... Edited by Sudhükara Dvivedin in 


AY ON XT OUFUXFTTT 


the Pandit (N.S.), Vols. XXII- 
XXIV. Benares, 1901-2. 

Brennand, Hindu Astronomy..W. Brennand, Hindu Astronomy. 
London, 1896. 

Brhat Samhita... 0... 0.0.00. The Brhat Samhita by Var&hami- 
hira with the commentary of 
Bhattotpala. “Vizianagram San- 
skrit Series," Vol. X. Benares, 
1805-97. 


E 


xxviil 


Colebrooke, Aigebra....... 


Colebrooke, Éssays........ 


Hemacandra, Abhidhana- 


CUMAMONE sse Bean 


Kaye, Indian Mathematics. . 


Kaye, Hindu Astronomy ... . 


LIST OF ABBREVIATIONS 


H. T. Colebrooke, Algebra, with 
Arithmetic and Mensuration, 
from the Sanscrit of Brahmegupta 
and Bhdscara. London, 1817. 

Miscellaneous Essays (2d ed.), by 
H. T. Colebrooke. Madras, 


St. Petersburg, 1847. 

Indian Antiquary. 

Indian Historical Quarterly. 

Journal asiatique. 

Journal and Proceedings of the 
Asiatic Society of Bengal. 

Journal of the Bombay Branch of 
the Royal Asiatic Society. 

Journal of the Bihar and Orissa 
Research Soctety. 

Journal of the Indian Mathematical 
Society. 

Journal of the Royal Asiatic 
Society. 


.G. R. Kaye, Indian Mathematics. 


Calcutta, 1915. 

“Memoirs of the Archaeological 
Survey of India," No. 18. Cal- 
cutta, 1924. 

By Brahmagupta. Edited by 
Babua Misra Jyotishacharyya. 
University of Calcutta, 1925. 

The Stsyadhivrddhida of Lalla. 
Edited by Sudhakara Dvivedin. 
Benares (no date). 

By Aryabhata. Edited by Sudha- 
kara Dvivedin in the ‘‘Benares 
Sanskrit Series.” 1910. 


LIST OF ABBREVIATIONS xxix 


Marici. o oes adusta EUR The Ganitüádhyaya of Bhaskara’s 
Siddhaéntasiromani with Vasana- 
bhasya, Vāsanāvārttika, and 
Marici. Pandit (N.S.), Vols. 
XXX-XXXI. Benares, 1908-9. 

Paficasiddhàüntikà ........... G. Thibaut and Sudhakara Dvi- 
vedi, The Paficasiddhantikà. The 
Astronomical Work of Varaha 
Mihira. Benares, 1889. 

Sudhākara, Ganakatarangini.. Benares, 1892. 

Süryasiddhania .......... lu. Edited by F. E. Hall and Bapu 
Deva Sastrin in the Bibliotheca 
indica. Caleutta, 1859. 

Translated by Burgess and Whit- 
ney, Journal of the American 
Oriental Society, Vol. VI. 

Vasana@vartitka............4- The Ganittadhyaya of Bhaskara’s 
Siddhantasiromanit with Vāsa- 
nabhasya, Vasanavarttika, and 
Marici. Pandit (N.S.), Vols. 
XXX-XXXI. Benares, 1908-9. 

ZDMG eR ra ED ES Zeitschrift der Deutschen Morgen- 
lindischen Gesellschaft. 

I, II, ITI, and IV refer to the four sections of the Aryabhaftya. 


CHAPTER I 


DASAGITIKA OR THE TEN 
GITI STANZAS 


A. Having paid reverence to Brahman, who is one (in causal- 
ity, as the creator of the universe, but) many (in his manifesta- 
tions), the true deity, the Supreme Spirit, Aryabhata sets forth 
three things: mathematics [ganita], the reckoning of time 
[kalakriyà], and the sphere [gola]. 


Baidyanath suggests that satyd devatà may denote 
Sarasvatt, the goddess of learning. For this I can 


find no support, and therefore follow the commen- 


LAA VA AANT MY) Wt “3 A bd Ne MAW WES AALS Wdede A NANS esee eA AL A 


CLL 


tator P ar amesvara in tr anslating toe ir "ue deity," 

God in the highest sense of the word, as referring to 
Prajapati, Pitàmaha, Svayambhü, the lower indi- 
vidualized Brahman, who is so called as being the 
creator of the universe and above all the other gods. 
Then this lower Brahman is identified with the higher 
Brahman as being only an individualized manifesta- 
tion of the latter. As Paramesvara remarks, the use 
of the word kam seems to indicate that Aryabhata 
based his work on the old Pitàmahasiddhünta. Sup- 
port for this view is found in the concluding stanza 
of our text (IV, 50), dryabhatiyam nàmnà pürvam 
svdyambhuvam sada sad yat. However, as shown by 
Thibaut! and Kharegat, 2 there is a close connection 


137 


between Aryabhata and the old Sür yasiadhania. At 


1 Paficasiddhantikd, pp. xviii, xxvii. 
? JBBRAS, XIX, 129-31. 
1 


2 ARYABHATIYA 


present the evidence is too scanty to allow us to 

specify the sources from which Aryabhata drew. 
The stanza has been translated by Fleet. As 

pone out first by Bhau Daji,? a passage of Brahma- 


gupta (XII, 43), qandty ekam apr yato naryabhato 
gamitakalagolanüm, seems to refer to the Gamitapada, 
the Kdlakriyapdda, and the Golapüda of our Arya- 
bhatiya (see also Bibhutibhusan Datta).? Since 


Brahmagupta (XI, 8) names the Dasagitika and the 


Aryástasata (108 stanzas) as works of Aryabhata, and 
PLE PN Rr HE PM 
since the three words of XI, 43 refer in order to the 


last three sections of the Aryabhattya (which contain 
exactly 108 stanzas), their occurrence there in this 
order seems to be due to more than mere coincidence. 
As Fleet remarks, Aryabhata here claims specifically 
as his work onis. three chapters. But Brahmagupta 
(628 a.D.) actually quotes at least three passages of 
our Daáagitika and ascribes it to Aryabhata. There 
is no good reason for refusing to accept it as part of 
Aryabhata’s treatise. 


B. Beginning with ka the : angal 'e to be used) in the 
varga places, and the avarga le used) in the avarga 
places. Ya is equal to the sum of ña and ma. The nine vowels 
(are to be used) in two nines of places varga and avarga. Navantya- 


varge và. 


Áryabhata's system of expressing numbers by 
means of letters has been discussed by Whish,? by 


1 JRAS, 1911, pp. 114-15. $ BCMS, XVIII (1927), 16. 
? Tbid., 1865, p. 403. "^ JRAS, 1911, pp. 115, 125. 


ë Transactions of the Literary Society of Madras, I (1827), 54, 
translated with additional notes by Jacquet, J.A (1835), II, 118. 


THE TEN GITI STANZAS 9 


Brockhaus, by Kern, by Barth? by Rodet, by 
Kaye,* by Fleet,® by Sarada Kanta Ganguly,’ and by 
Sukumar Ranjan Das.? I have not had access to the 
Prthivir Ituhdsa of Durgadas Lahiri. 

The words varga and avarga seem to refer to the 
Indian method of extracting the square root, which 
is described in detail by Rodet and by Avadhesh 
Narayan Singh." I cannot agree with Kaye's state- 
ment” at the rules given by Aryabhata for the 


n of square and cube roots (I, 4-5) “are 
al 


| (i.e., algebraical)” and apply to all 
arithmetical notations, nor with his criticism of the 
foregoing stanza: “Usually the texts give a verse 
explaining this notation, but this explanatory verse 
is not Aryabhata’s.”® Sufficient evidence has not been 
adduced by him to prove either assertion. 

The varga or "square" places are the first, third, 
fifth, etc., counting from the right. The avarga or 
"non-square" places are the second, fourth, sixth, 


etc., counting from the n The words varga and 
eor 1 int ia songea in TT A Thara 


e used tills sense il n. t. incre 
T. 


mL mane —a hum * ABO Er PER 


is no good r 'eason ior ee g vo take them in the same 
sense here. Ás applied to the Sanskrit alphabet the 
varga letters referred to here are those from k to m, 
1 Zeitschrift für die Kunde des Morgenlandes, IV, 81. 


2 JRAS, 1863, p. 380. 8 THQ, III, 110. 

3 (Eres, III, 182. 9 TIT, 332 £. 

«JA (1880), II, 440. 10 Op. cit. (1879), I, 406-8. 
SJASB, 1907, p.478. * 1 BCMS, XVIII (1927), 128 
* Op. cit., 1911, p. 109. 2 Op. cit., 1908, p. 120. 


7 BCMS, XVII (1926), 195. 33 Ibid., p. 118. 


4 ARYABHATIYA 


which are arranged in five groups of five letters each. 
The avarga letters are those from y to h, which are 
not so arranged in groups. The phrase "beginning 
with ko" is necessary because the vowels also are 


A JAYANT or “orouns. 2) 
Y Uwi ywo v Stvuype 


Therefore the vowel a used in varga and avarga 
places with varga and avarga letters refers the varga 
letters k to m to the first varga place, the unit place, 


multiplies them by 1. The vowel a used with the 


100] '"DbLers y to h rerers hem LO the fir st avar ga 
niana tha nlana nf tan’a maultiniiag tham hx 10 Th 
pave) VLA VV Wi VWwib ks pum d UXAWVLAIL M A's. Lit 
35]. enc cue Dk Nae Face SYM e. Ludus Jod to 
HKO IDalinecel tlle VOW el 4 r ef ers tne lietie K LO mMm 


D 

he second varga place, the place of hundred’s, sali: 
plies them by 100. It refers the avarga letters y to h 
to the second avarga place, the place of thousand’s, 
multiplies them by 1,000. And so on with the other 
seven vowels up to the ninth varga and avarga places. 
From Aryabhata’s usage it is clear that the vowels to 
be employed are a, 1, u, r, l, e, at, 0, and au. No 
distinction is made between long and short vowels. 

From Aryabhata’s usage it is clear that the letters 
k to m have the values of 1-25. The letters y to h 
would have the values of 3-10, but since a short a is 
regarded as inherent in a consonant when no other 
vowel sign is attached and when the mrdma is not 
used, and since short a refers the avarga letters to the 
place of ten’s, the signs ya, etc., really have the values 
of 30-100.! The vowels themselves have no numerical 
values. They merely serve to refer the consonants 
(which do have numerical values) to certain places. 


1See Sarada Kanta Ganguly, op. cit., XVII (1926), 202. 


THE TEN GITI STANZAS 5 


The last clause, which has been left untranslated, 
offers great difficulty. The commentator Paramesvara 
takes it as affording a method of expressing still 
higher numbers by attaching anusvdra or visarga to 
the vowels and using them in nine further varga (and 
avarga) places. It ls doubtful whether the word 
avarga can be so supplied in the compound. Fleet 
would translate ‘‘in the varga place after the nine" 
as giving directions for referring a consonant to the 
nth place. In view of the fact that the plural 


ta thia alo 
vO Ù CL 


2d 
"d 


in 
ALL 


n alternate interpretation the e mendanda of và to 
hau. But, as explained above, au refers h to the 
eighteenth place. It would run to nineteen places only 
when expressed in digits. There is no reason why such 
a statement should be made in the rule. Rodet 
translates (without rendering the word nava), ‘‘(sép- 
arément) ou à un groupe terminé par un varga." That 
is to say, the clause has nothing to do with the ex- 
pression of numbers beyond the eighteenth place, 
but merely states that the vowels may be attached 
to the consonants singly as gara or to a group of con- 
sonants as gra, in which latter case it is to be under- 
stood as applying to each consonant in the group. So 
giri or gri and guru or gru. Such, indeed, is Arya- 
bhata/s usage, and such a statement is really nec- 
essary in order to avoid ambiguity, but the words do 
not seem to warrant the translation given by Rodet. 
If the words can mean “at the end of a group," and 


if nava can be taken with what precedes, Rodet’s in- 
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terpretation is acceptable. However, I know no other 
passage which would warrant such a translation of 
antyavarge. 

eben Kanta Ganguly translates, "lThose] nine 


s in a similar 
manner. B is possible for và to have the sense of 
"beliebig," “fakultativ,” and for nava to be sepa- 
rated from antyavarge, but the regular meaning of 


antya is “the last.” It has the sense of “the following" 


only at the end of a compound, and the dictionary 
gives only one pps of that usage. If navantyavarge 
LE bes a e M "| dao boream cda mu $a i 
is to be taken as a cor poun d, the translation ‘‘in the 


group following the nine” is all right. But Ganguly’s 
translation of antyavarge can be maintained only if he 
produces evidence to prove that antya at the begin- 
ning of a compound ean mean “the following." 

If nava is to be separated from antyavarge it is 
possible to take it with what precedes and to trans- 
late, "The vowels (are to be used) in two nine’s of 
places, nine in varga places and nine in avarga places," 
but aniyavarge và remains enigmatical. 

The translation must remain uncertain until 
further evidenee bearing on the meaning of aníya 
can be produced. Whatever the meaning may be, the 
passage is of no consequence for the numbers actually 
dealt with by Aryabhata in this treatise. The largest 
number used by Aryabhata himself (I, 1) runs to only 
ten places. 

Rodet, Barth, and some others would translate “in 
the two nine's of zero’s,” instead of “in the two nine's 


of places." That is to say, each vowel would serve to 
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add two zero’s to the numerical value of the con- 
sonant. This, of course, will work from the vowel € 
on, but the vowel a does not add two zero’s. It adds 
no zero’s or one zero depending on whether it is used 
with var gà Or d du letters. The fact that khadw- 
navake is amplified by varge varge is an added difficulty 
to the translation "zero." It seems to me, therefore, 
preferable to take the word kha in the sense of “space” 


or better “place.’’! Later the word kha is one of the 


commonest words for “zero,” but it is still disputed 
whether a symbol for zero was actually in use in 
A usse hata/s Ei TE ESL, ES EET MN MN REN 


may have been made on a board ruled into columns. 
Only nine symbols may have been in use and a blank 
column may have served to represent zero. 

There is no evidence to indicate the way in which 
the actual ealeulations were made, but it seems cer- 
tain to me that Aryabhata could write a number in 
signs which had no absolutely fixed values in them- 
selves but which had value depending on the places 
occupied by them (mounting by powers of 10). Com- 
pare II, 2, where in giving the names of classes of 
numbers he uses the expression sthdndt sthünam 
dasagunam syát, ‘from place to place each is ten times 
the preceding." 

There is nothing to prove that the actual calcula- 
tion was made by means of these letters. It is prob- 
able that Aryabhata was not inventing a numerical 
notation to be used in calculation but was devising 
a system by means of which he might express large, 

1 Of. Fleet, op. cit., 1911, p. 116. 
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unwieldy numbers in verse in a very brief form. 
The alphabetical notation is employed only in the 
Dasagitika. In other parts of the treatise, where only 
a few numbers of small size occur, the ordinary words 


which denote the numbers are employed 
As an ilusü I of Aryabhata’s alphabetical 


notation take the number of the revolutions of the 
Moon in a yuga (I, " which is expressed by the word. 
cayagtyinusuchtr. Taken syllable by syllable this 


Q2 
> 


o0. Nappens here that wae 
digits a are given in order from E to left, but they 
may be given in reverse order or in any order which 
will make the syllables fit into the meter. It is hard 


to believe that such a descrintive alphabetical nota- 


leah ed eee re uà ee ett RN Nul de, Ci qu NEN ima oll OTT WI WE NA ARS 


tion was not based on a place-value notation. 

This stanza, as being a technical paribhásà stanza 
which indicates the system of notation employed in 
the Dasagitika, is not counted. The invocation and 
the colophon are not counted. There is no good reason 
why the thirteen stanzas should not have been named 


VA ee ee ee ee we eu, duas Wem) ur Pur amie ee ee NF et Sat ed ee ia cha A da sano Sa 


Dasagitika (as they are named by Aryabhata himself 
in stanza C) from the ten central stanzas in Giti 
meter which give the astronomical elements of the 
system. The discrepancy offers no firm support to the ~ 
contention of Kaye that this stanza is a later addition. 
The manuscript referred to by Kaye? as containing 
fifteen instead of thirteen stanzas is doubtless com- 

1 See JA (1880), II, 454, and BCMS, XVII (1926), 201. 

2 Op. cit., 1908, p. 111. 
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-PDL Z.. mz £w nl ext jp 
Dilu Da! C iL v liilE 


two introductory stanzas “evidently an after-addi- 
tion, and not in the Arya metre." 

1. In a yuga the revolutions of the Sun are 4,320,000, of the 
Moon 57,753,336, of the Earth eastward 1,582,237,500, of Saturn 


146,564, of Jupiter 364,224, of Mars 2,296,824, of Mercury and 
Venus the same as those of the Sun. 


2. of the apsis of the Moon 366,219, of (the conjunction of) 
Mercury 17,937,020, of (the conjunction of) Venus 7,022,388, of 
(the canianotions of) the others the same as those of the Sun, of 
the node of the Moon westward 232,226 starting at the beginning 


of Aago at ciim mao nn Wennosrlasr at Tattle 
AY LpA AUC SULH DOV UIL YY VMALICUOVELCL y au A2JCLLI AM. 
T 


The so-called revolutions of the Earth seem to 
refer to the rotation of the Earth on its axis. The 
number given corresponds to the number of sidereal 
days usually reckoned in a yuga. Paramesvara, who 
follows the normal tradition of Indian astronomy 
and believes that the Earth is stationary, tries to 
prove that here and in IV, 9 (which he quotes) 
Aryabhata does not really mean to say that the Earth 
rotates. His effort to bring Aryabhata into agreement 
with the views of most other Indian astronomers 
seems to be misguided ingenuity. There is no warrant 
for treating the revolutions of the Earth given here 
as based on false knowledge (mithyajfidna), which 
causes the Earth to seem to move eastward because 
of the actual westward movement of the planets (see 
note to I, 4). 

In stanza 1 the syllable su in the phrase which 
gives the revolutions of the Earth is a misprint for 
bu as given correctly in the commentary? 

1 Ibid., 1865, p. 397. 2 See ibid., 1911, p. 122 n. 


a 
cls 


10 ARYABHATIYA 


Her e and elsewhere in the Dasag’ itika words are 
used in their stem form without declensional endings. 
Lalla (Madhyamddhikdra, 3-6, 8) gives the same 
numbers for the revolutions of the planets, and differs 


only in giving “revolutions of the asterisms" instead 
of “revolutions of the Earth.” 


A ALU iurya tQ GI LUIL 
tions (see Poscasidakantia, pp. xviliix, and 
Kharegat! for the closer relationship of Áryabhata 
to the old Sürgyasiddhünta). 

Bibhutibhusan Datta,? in criticism of the number 
of revolutions of the planets reported by Alberuni (II, 
16-19), remarks that the numbers given for the 
revolutions of Venus and Mercury really refer to the 
revolutions of their apsides. It would be more accu- 
rate to say “conjunctions.” 

Alberuni (I, 370, 377) quotes from a book of 
Brahmagupta's which he calls Critical Research on the 
Basis of the Canons a number for the civil days aecord- 
ing to Aryabhata. This corresponds to the number of 
sidereal days given above (cf. the oo of sidereal 
days given b y Brahmagupta [I, 22 ] )" 

Compare the figures for the number of revolutions 
of the planets given by Brahmagupta (I, 15-21) which 
differ in detail and include figures for the revolutions 
of the apsides and nodes. Brahmagupta (I, 61) 


akrtaryabhatah sighragam indücearh pàtam alpagarh svagateh | 
tithyantagrahananam ghuniksaram tasya samvadah || 


D Euge LEEDI L a EE SS 


criticizes the numbers given by Aryabhata for the 
revolutions of the apsis and node of the Moon. 


1 JBBRAS, XVIII, 129-31. 2 BCMS, XVII (1926), 71. 
3 See further Bragmagupta (V, 25) and Alberuni (I, 376). 
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ERU a ot aasi A= 


Br ahmagupta (II, 46-47 ] remarks that according 
to Aryabhata all the planets were not at the first point 
of Mesa at the beginning of the yuga. I do not know 
on what evidence this criticism is based.! 


Brahmagupta (XI, 8) remarks that according to 
the Aryüstasata the nodes mov e while according to 
the Dasagitika the nodes (excepting that of the Moon) 
are fixed: 

aryastasate pata bhramanti dasagitike sthirah patah | 

muktvendupatam apamandale bhramanti sthira n&tah. || 
This refers to L 2 and IV, 2. e (L, 7) gives 

the ] naatinn du tee Lia wo rk IDOS J 4f 
unc location, at the time his wo Oomposed, oi 
the apsides and nodes of all the ru and (T, 7 and 


IV, 2) implies a knowledge of their motion. But he 
gives figures only for the apsis and node of the Moon. 
This may be due to the fact that the numbers are so 
small that he thought them negligible for his purpose. 

Brahmagupta (XI, 5) quotes stanza 1 of our text: 


yugaravibhaganah khyughriti yat proktam tat tayor yugarh 
spastarh | 
tri$ati ravyudayànàm tadantaram hetunà kena. ||? 


! See Süryasiddhànta, pp. 27-28, and J RAS, 1911, p. 494. 


2 Cf. J RAS, 1865, p. 401. This implies, as Sudhakara says, that 
Brahmagupta knew two works by Aryabhata each giving the revolu- 
tions of the Sun as 4,320,000 but one reckoning 300 sávana days more 
than the other. Cf. Kharegat (op. cit., XIX, 130). Is the reference tó 
another book by the author of our treatise or was there another 
earlier Aryabhata? Brahmagupta (XI, 13-14) further implies that 
he knew two works by an aythor named Aryabhata in one of which 
the yuga began at sunrise, in the other at midnight (see J RAS, 
1863, p. 384; JBBRAS, XIX, 130-31; J RAS, 1911, p. 494,7 HQ, IV, 
506). At any rate, Brahmagupta does not imply knowledge of a 
second Aryabhata. For the whole problem of the two or three Arya- 
bhatas see Kaye (Bibl. math., X, 289) and Bibhutibhusan Datta 
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3. There are 14 Manus in a day of Brahman [a kalpaj, and 
72 yugas constitute the period of a Manu. Since the beginning 
of this kalpa up to the Thursday of the Bharata battle 6 Manus, 
27 yugas, and 3 yugapadas have elapsed. 


The word yugapüda seems to indicate that Arya- 
bhata divided the yuga into four equal quar 
di 


rz LFL ieu. 


ct 
D 
3 
-- 
mh 
> 
zum 
E 
D 
ER 
D 
> 
or 

omar 


there is no ee to the traditi önal method of 
dividing the yuga into four parts in the proportion of 
4, 3, 2, and 1. Brahmagupta and later tradition 
ascribes to Aryabhata the division of the yuga into 
four equal parts. For the traditional division see 
Süryasiddhànta (I, 18-20, 22-23) and Brahmagupta 
(I, 7-8). For discussion of this and the supposed 
divisions of Aryabhata see Fleet. Compare III, 10, 
which gives data for the caleulation of the date of 
the composition of Aryabhata’s treatise. It is clear 
that the fixed point was the beginning of Áryabhata's 
fourth yugapüda (the later Kaliyuga) at the time of 
the great Bharata battle in 3102 s.c. 

Compare Brahmagupta (I, 9) 

yugapadan àryabhata$ catvari samani krtayugádini | 

yad abhihitavan na tesarh smrtyuktasamünam ekam api || 


and XI, 4 


üryabhato yugapadams trin yatan aha kaliyugádau yat | 
tasya krtantar yasm&t svayugddyantau na tat tasmat || 


(op. cit., XVII [1926], 60-74). The Paficasiddhantika also (XV, 20), 
“Aryabhata maintains that the beginning of the day is to be reckoned 
from midnight at Lankà; and the same teacher again says that the 
day begins from sunrise at Lanka," ascribes the two theories to one 
Aryabhata. 

1 Op. cit., 1911, pp. 111, 486. 
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= 


with the commentary of Sudhàkara. Brahmagupta 
(I, 12) quotes stanza I, 3, 


manusandhith yugam iechaty àryabhatas tanmanur yatah 
Skhayugah | 
kalpas is pes sahasram ast&dhikam tasya. ||! 


YOaleesiixdae oo "-afanc tn dha qaman reise 


háa mé 


Brahmagupta (XI, 11) criticizes A ysbhata for be 
ginning the Kaliyuga with Thursday (see the com- 


ES MM MEE "4 


mentarv af Sudhakara\ 

V LAE UCUL J VL ORJAXLVALAZACLAIMXCUL wy * 
DPL =.. eS SS A | at 24h 
DAAU Vajt ALESU poin LeU L v 


Brahmagupta I, 9 ad XI, 4 me XI, 

4. The revolutions of the Moon (in a a ne by 12 . 
are signs [ragi]. The signs multiplied by 30 are degrees. The 
degrees multiplied by 60 are minutes. The minutes multiplied 
by 10 are yojanas (of the circumference of the sky). The Earth 
moves one minute in a pràna.* The circumference of the sky (in 
yojanas) divided by the revolutions of a planet in a yuga gives 
the yojanas of the planet’s orbit. The orbit of the Sun is a sixtieth 
part of the circle of the asterisms. 


In translating the words sasirdsayas tha cakram 
I have followed Paramesvara’s interpretation sasinas 


m M navy LLLI VY VUNA A CUA CULLA Y CUA CU W Aen M het VEN MAS ee VR NV 


cakran bhaganà dvàdasagunità rdsayah. The Sanskrit 
construction is a harsh one, but there is no other way 
of making sense. Sasi (without declensional ending) 
is to be separated. 

Parameávara explains the word grahajavo as fol- 


1 Cf. III, 8. . * Op. cit., 1865, pp. 400—401. 

3 Cf. Alberuni, I, 370, 373-74. 

* A ré& is a sign of the zodiac or one-twelfth of a circle. 
5 For prana see III, 2. 
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lows: ekaparivritau grahasya javo gatimünam yojanà- 
imakam bhavati. 
The word yojandni must be taken as given a figure 


in yojanas for the circumference of the sky (akäsa- 


akşyã). It works out as 12,4747 20 576,000, which is 


es 


/ AT 


the exact figure given by Lalla (Madhyamadhikàra 
13) who was a follower of Aryabhata. Compare 
Süryasiddhànta, XII, 80-82; Brahmagupta, XXI, 
11-12; Bhàskara, Goltdigay Bhwvanakosa, 67-69 
and Ganitadhy yay Sad 


The atea 


n P A 


the followers of Aryabhata, 


It is sufficient for us to know the space which is reached by 
the solar rays. We do not want the space which is not reached 
by the solar rays, though it be in itself of an enormous extent. 
That which is not reached by the rays is not reached by the per- 
ception of the senses, and that which is not reached by per- 
ception is not knowable, 
may be based ultimately upon this passage. 

The reading bham of our text must be incorrect. 
It is a reading adopted by Paramesvara who was de- 
termined to prove that Aryabhata did not teach the 
rotation of the Earth. This passage could not be ex- 
plained away by recourse to false knowledge (mith- 
yajfiana) as could I, 1 and IV, 9 and therefore was 
changed. The true reading is bhüh, as is proved con- 
clusively by the quotation of Brahmagupta (XI, 17): 

pranenaiti kalam bhür yadi tarhi kuto vrajet kam adhvanam | 
àvarttanam urvyas cen na patanti samucchrayüh kasmát. || 


Compare Brahmagupta (XXI, 59) and Alberuni (I, 
276-77, 280). 
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5. A yojana consists of 8,000 times a nr [the height of a man]. 
The diameter of the Earth is 1,050 yojanas. The diameter of the 
Sun is 4,410 yojanas. The diameter of the Moon is 315 yojanas. 
Meru is one yojana. The diameters of Venus, Jupiter, Mercury, 
Saturn, and Mars are one-fifth, one-tenth, one-fifteenth, one- 
twentieth, and one-twenty-fifth of the diameter of the Moon. 
The years of a yuga are equal to the number of revolutions of the 
Sun in a yuga. 


As pointed out by Bhàu Dàji,! Brahmagupta (XI, 


15-16) seems to quote from this stanza in his criticism 
of t tha diamoatar anf tha Barth mitran hary Aava Wit Ae 


UY ULLI VCI UL ULL AL Uli 1y ULL wy aad Y AMAL CU 


sodasagaviyojana paridhim pratibhüvyüsam pulavadata | 
atmajfianam khyapitam aniscayas tanikrtakanyat || 
bhiivydsasyAjfianad vyartharh deSántaram tadajfianat | 


-— mm 


sphutatithyantàjfianam tithinasàd grahanayor nasah. || 
The text of Brahmagupta is corrupt and must be 


emended. See the commentary of Sudhakara, who 
suggests for the first stanza 
nrsiyojanabhüparidhim prati bhüvyüsam punar ñilā vadatà | 
Atmajfidnarh khy&pitam aniécayas tatkrtavy&sah. || 


Lalla (Madhyamàdhikàra, 56 and ae qus 


dhzküra. 6) gives the same diameters for the Ea th 
P£VUEIVVVI b] Vi t» T L4 AJ alin f. RJ AA M. NE eines WA alin ale Yet de SE ee Au tt bd eu AA) RS Vw aliai 
nw tha Qiaw ; +h oro i| 99A tha 7118 matan of tha 
alu tne VULL but gives oZU àS ine Giamever Oi unc 


Moon, and (Grahayutyadhiküra, 2) gives for the 
planets the same fractions of the diameter of the 
Moon? 

Alberuni (I, 168) quotes from Brahmagupta 


meter of t the Earth. and a confused 


P Ubb ALS Veet? Wa Nue a Auf ur. dadada We Pra! ha et 


1 J RAS, 1865, p. 402. 

2 Of. Süryasiddhànta, I, 59; IV, 1; VII, 18-14; Brahmagupta, 
XXI, 32; Kharegat (op. cit., XIX, 132-34, discussing Süryasiddhànta, 
IX, 15-16). 
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passage (I, 244-46) quotes Balabhadra on Arya- 
bhata's conception of Meru. Its height is said to be 
a yojana. The context of the foregoing stanza seems 
to imply that its diameter is a yojana, as Parameévara 
takes it. It is probable that its height is to be taken 
as the same. 

If Paramesvara is correc 
samah as yugasama yugarkabhaganasamd, the nomi- 
native plural samah has been contracted after sandhi. 

6. The greatest declination of the ecliptic is 24 degrees. The 
greatest deviation of the Moon from the ecliptic is 44 degrees, of 
Saturn 2 degrees, of Jupiter 1 degree, of Mars 14 degrees, of 
Mercury and Venus 2 degrees. Ninety-six angulas or 4 hastas 
make 1 nr. 


Paramesvara explains the words bhdpakramo 
granama as follows: grahünür bha amsds catur- 
virhéatibhaga apakramah. paramāpakrama ity arthah. 
The construction is as strange as that of stanza 4 
above.! 

7. The ascending nodes of Mercury, Venus, Mars, Jupiter, 
and Saturn having moved (are situated) at 20, 60, 40, 80, and 
100 degrees from the beginning of Mesa. The apsides of the Sun 
and of the above-mentioned planets (in the same order) (are 
situated) at 78, 210, 90, 118, 180, and 236 degrees from the 
beginning of Mesa. 

I have followed Paramesvara’s explanation of 
gatvürhsakün as uktdn etan evamsakan mesadito gatvà 
vyavasthitàh. 

In view of IV, 2, “the Sun and the nodes of the 
planets and of the Moon move constantly along the 


1 Cf. Süryasiddhánia, I, 68-70 and II, 28; Brahmagupta, IX, 1 
and XXI, 52. 
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ecliptic,” and of I, 2, which gives the number of revo- 
lutions of the node of the Moon in a yuga, the word 
gatva (“having gone") seems to imply, as Parame- 
$vara says, a knowledge of the revolution of the nodes 


S 
treatise was composed. The force of 
into the second line and indicates a knowledge of the 
revolutions of the apsides. 


\ryabhata gives figures for the revolutions of the 


figures f for the revolutions o 
all the planets. These seem "i af based on yee 
rather than on observation since their motion (except 
in the case of the Moon) is so slow that it would take 
several thousand years for them to move so far that 
their motion could easily be detected by ordinary 
methods of observation. Aryabhata may have re- 
frained from giving figures for the revolutions of nodes 
and apsides (except in the case of the Moon) because 
he distrusted the figures given in earlier books as 
based on theory rather than upon accurate observa- 
tion. Brahmagupta XI, 8 (quoted above to stanza 2) 
remarks in criticism of Aryabhata that in the Dasa- 
gitika the nodes are stationary while in the Aryd- 
stasata they move. This refers to I, 2 and IV, 2. In 
the Dasagitika only the revolutions of the nodes of 
the Moon are given; in the Aryàsiasata the nodes and 
apsides are said explicitly to move along the ecliptic. 
In the present stanza the word gatvà seems clearly to 
1 Cf. Süryasiddhànta, pp. 27-28. 
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indicate a knowledge of the motion of the nodes and 
apsides of the other planets too. If Aryabhata had 
intended to say merely that the nodes and apsides are 


situated at such-and-such places the word gava is 


RUDS fluou us. In a text of such studied bre evity every 


word is used with a very definite purpose. It is true 
that Aryabhata regarded the movement of the nodes 
and apsides of the other planets as negligible for pur- 
poses of calculation, but Brahmagupta’ S criticism 


seems to be eaptious and 1 
4 


KIA he VS KA NA euj UAV A 


; RN ta WT ET an "T d. 
nmagupta, Ai, 0—/(, ana the commentar 
aN Y 


kara to XI, 8). Barth’s criticism! is too severe. 

Lalla (Spastadhikara, 9 and 28) gives the same 
positions for the apsides of the Sun and five planets 
(see also Paficasiddhantikd, XVII, 2). 


For the revolutions of the nodes and apside 


Brahmagupta, I, 19-21, and Süryasiddhàn 
and note to I, 44. 


8. Divided by 43 the epicycles of the apsides of the Moon, 
the Sun, Mercury, Venus, Mars, Jupiter, and Saturn (in the first 
and third quadrants) are 7, 3, 7, 4, 14, 7, 9; the epicycles of the 
conjunctions of Saturn, Jupiter, Mars, Venus, and Mercury (in 
the first and third quadrants) are 9, 16, 53, 59, 31; 

9. the epicycles of the apsides of the planets Mercury, Venus, 
Mars, Jupiter, and Saturn in the second and fourth quadrants 
are 5, 2, 18, 8, 13; the epicycles of the conjunctions of the planets 
Saturn, Jupiter, Mars, Venus, and Mercury in the second and 
fourth quadrants are 8, 15, 51, 57, 29. The circumference within 
which the Earth-wind blows is 3,375 yojanas. 


The criticism of these stanzas made by Brahma-' 
gupta (II, 33 and XI, 18-21) is, as pointed out by 
1 Op. cit., III, 154. 
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Sudhákara, not justifiable. For the dimensions of 
Brahmagupta’s epicycles see II, 34-39). 
Lalla (Spastádhiküra, 28) agrees closely with 


dads 8 and LOT naoln nana, 2) gives the same figure 


Anl ale Qu eAALAmin 
the Ear th-wind. Compare aiso OUrYaSs LUNA, 


rr cT < 


ii 1, 34-37 and note, and Paficasiddhaüntika, XVII, 1, 3. 

10. The (twenty-four) sines reckoned in minutes of arc are 
225, 224, 222, 219, 215, 210, 205, 199, 191, 183, 174, 164, 154, 
148, 131, 119, 106, 93, 79, 65, 51, 37, 22, 7. 


e 


Tl as alg mex eds em ati c the (Lo shandi) Lalbag 
in indian inaunemaucs une Dnair-Cnora vats 


the place of our "sine." T The sines are given in minutes 
(of which the radius contains 3,438) at intervals of 225 
minutes. The numbers given here are in reality not 
the values of the sines themselves but the differences 
between the sines. 


sen ee et SAX Ame l zh ps i 


Compare Sūryasiddhānta (XI, 15-27) and Lalla 
(Spastadhikadra, 1-8) and Brahmagupta (II, 2-9). 
Bhaskara (Ganitadhyaya, Spastadhikdra, Vasanabha- - 
sya to 3-9) refers to the Süryasiddhünia and to 
Aryabhata as furnishing a precedent for the use of 
twe nty-four sines.? 

Krishnaswami Ayyangar? furnishes a plausible 
explanation of the discrepancy between certain of the 
values given in the foregoing stanza and the values 
as calculated by II, 12.* Some of the discrepancies 
may be due to bad readings of the manuscripts. Kern 

1 For discussion of the stanza see Barth, ibid., ITI, 150 n., and 
J RAS, 1911, pp. 123-24. 

2 JIMS, XV (1923-24), 121-20. 


3 See also Naraharayya, “Note on the Hindu Table of Sines,” 
ibid., pp. 105-13 of “Notes and Questions.” 
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in a footnote to the stanza and Ayyangar (p. 125 n.) 
point out that the text-reading for the sixteenth and 
seventeenth sines violates the meter. This, however, 
may be remedied easily without changing the values.! 


C. Whoever knows this Dasagitika Sūtra which describes 
the movements of the Earth and the planets in the sphere of the 
asterisms passes through the paths of the planets and asterisms 
and goes to the higher Brahman. 

1Cf. JRAS, 1910, pp. 752, 754, and JA, XX, 228. 


CHAPTER I 


GANTT TAPADA OR MATHEMATICS 


1. Having paid reverence to Brahman, the Earth, the Moon, 
Mercury, Venus, the Sun, Mars, Jupiter, Saturn, and the aster- 
isms, Aryabhata sets forth here [in this work] the science which 


is honored at Kusumapura.! 


A ba MARE VAL AA 


The translation “here at Kusumapura the revered 
science” is possible. At any rate, Aryabhata states 
the school to which he belongs. Kusumapura may or 
may not have been the place of his birth. 

2. The numbers eka [one], daśa [ten], sata [hundred], sahasra 
[thousand], ayuta [ten thousand], niyuta [hundred thousand], 
prayuta [million], koti [ten million], arbuda [hundred million], and 
vrnda [thousand million] are from place to place each ten times 
the preceding.? 


The names for classes of numbers are given only 
to ten places, although I, B describes a notation 
which reaches at least to the eighteenth place. The 
highest number actually used by Aryabhata himself 
runs to ten places. 


3. A square, the area of a square, and the product of two 
equal quantities are called varga. The product of three equal 
quantities, and a solid which has twelve edges are called ghana. 


1 Translated by Fleet, JRAS, 1911, p. 110. See Kern’s Preface to 
his edition of the Brhat Samhita, p. 57, and BCMS, XVIII (1927), 7. 
? See J RAS, 1911, p. 116; THQ, III, 112; BCMS, XVII (1926), 
198. For the HUMO in Alberuni (I, 176), which differs in the last 


Su ac Er RE a avitioiesn in POMOS XY 
two names, see the criticism in DULLED, XVII (1926), 11. 


. 3 Read dvādaśāśras with Parame$vara. For agra in the sense of 
“edge” see Colebrooke, Algebra, pp. 2 n. and 280 n. The translations 
given by Rodet and Kaye are inaccurate. 
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4, One should always divide the avarga by twice the (square) 
root of the (preceding) varga. After subtracting the square (of the 
quotient) from the varga the quotient will be the square root to 
the next place. 


Counting from right to left, the odd places are 
called varga and the even places are called avarga 
According to Parame$vara, the nearest square root 


to the number in the last odd place on the left is set 
down in a place apart, and after this are set down the 
successive quotients of the division eee The 
. number subtracted is the square of that figure in the 


a memem) aah VERY 


root renresented by the auotient of the n Arana 


WY RU aa a ULLO ā YMUuULOiLLùU UL  UllUG vi VU cair 


division. The TRAE is the square of that part of ihe 
root which has already been found. If the last sub- 
traction leaves no remainder the square root is exact. 
“Always” indicates that if the divisor is larger than 
the number to be divided a zero is to be placed in the 
line (or a blank space left there). Sthànantare (“in an- 
other place") is equivalent to the pankti ("line") of 
the later books. 

This process seems to be substantially correct, but 
there are several difficulties. Sthandniare may mean 
simply “to another place," that is to say, each 
division performed gives another figure of the root. 
Nityam ("always") may merely indicate that such is 
the regular way of performing the operation. 

All the translators except Saradakanta Ganguly 
translate vargdd varge $uddhe with what precedes. I 
think he is correct in taking it with what follows. In 
that case the parallelism with the following rule is 
exact. Otherwise the first rule would give the opera- 
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tion for the varga place and then that for the avarga 
place while the second rule would give first the opera- 
tions for the aghana places and then that for the 
ghana place. However, for D pores of description, it 
makes no difference whether the o per rations are giv en 
in one or the other of these orders. 

Parallelism with ghanasya mūlavargena of the 
following rule seems to indicate that vargamülena is 
not to be translated "square root" but “root of the 


(preceding) varga." 
Tf tha want qa tn annntain more "m 
di LIIG LUUL IS LU COIIULAOLII FTIOIC han iwo figures the 


varga of vargamülena is to be ead as applying 
to all the preceding figures up to and including the 
varga place which is being worked with. That is to 


say, the word mila would refer to the whole of that 
nart nf tha rant whieh hag alraadw haan found. 1 


rrr VU Wh VARA LU TALE LECU Gil vay KUULE LUPUS 


For discussion see Kaye,? Avadhesh Narayan 
Singh,? Saradakanta Ganguly.‘ I cannot agree with 
Ganguly’s discussion of the words bhdgam hared 
avargüt. I see no reason to question the use of bhagarh 
harat with the ablative in the sense of ''divide." 


GONE, VUE m A EN. ee ee ae aca! 


Rrahmammnta (XIT 7) in hie deacgarintinn nf tha 


ALL CULLLILCUS “wy Uco VEM A 3 ALL pe ee) EWI 4V VAN LS Wa VALU 


process of extracting ilie cube root has chedo ’ghandd 
dvitiyat, which means “the divisor of the second 
aghana." 

Kaye? insists that this rule and the next are per- 
fectly general (i.e, algebraieal) and apply to all 


GL Et Cth ey he Cech | ad 


arithmetical notations. He offers no proof and gives 


1See Colebrooke, op. cit., p. 280 n. 
? JASB, 1907, pp. 493-94. 4 JBORS, XII, 78. 
3 BOMS, XVIII (1927), 124. 5 Op. cit., 1908, p. 120. 
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no example of the working of the rule according to 
his interpretation. To what do the words "square" 
and 'non-square"' of his translation refer? The words 
of Aryabhata exactly fit the method employed in later 
Indian mathematies. Although Br ahmagupt ba does 
not give a rule for square root, his method for cube 
root is that described below, although the wording of 
his rule is different from that of Aryabhata’s. I fail to 


See xd ipe to the rule and method of Theon 


1 


varga places, and the sign — indicates the avarga 
places. 


15129 (root =1 


Square of the root 1 
Twice the root 2)05(2= quotient (or next digit of root) 
(2X1) 4 
11 


Square of the quotient 4 


2(3= quotient (or next digit of root) 
(>) 


Square root is 1 2 3 


5. One should divide the second aghana by three times the 
square of the (cube) root of the (preceding) ghana. The square 
(of the quotient) multiplied by three times the pürva (that part 
of the cube root already found) is to be subtracted from the first 
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aghana, and the cube (of the quotient of the above division) 1s to 
be subtracted from the ghana. 

The translation given by Avadhesh Narayan 
Singh! as a "correct literal pencenne is inaccurate. 
There 3 is nothing i in the Sanskrit which corresponds 
to “after having subtracted the cube (of the quo- 
tient) from the ghana place" or to “the quotient 
placed at the next place gives the root." The latter 
thought, of course, does carry over into this rule from 


trighanasya for trigunena ghanasya.? 

Kaye? remarks that this rule is given by Brahma- 
gupta “word for word.” As a matter of fact, the 
Sanskrit of the two rules is very different, although 


Loe contenu 1S exacuy toe same. 


Counting from right to left, the first, fourth, etc., 
places are named ghana (cubic); the second, fifth, 
etc., places are called the first aghana (non-cubic) 
places; and the third, sixth, etc., places are called the 


second aghana (non-cubic) pic The nearest cube 
want tn tha nee ee 1n (or wan tn ann inn eludin my tha lagt 
UUU vu une ANIULLLILIJUAL ALL AM 4 Up vu an VL LLAUILLCLILÓE ULLD icu 


=) 
ghana place on the left is the first figure of the cube 
root. After it are placed the quotients of the succes- 
sive divisions. If the last subtraction leaves no 
remainder the cube root is exact. 


1 BCMS, XVIII (1927), 134. 


2 The rule has been discussed in JBORS, XII, 80. Cf. Brab- 
magupta (XII, 7) and the translation and note of Colebrooke (op. 
cit., p. 280). 


3 Op. cit., 1908, p. 119. 
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Y. 4A TL uae uwemawuuades dlhm m 


In the following example the sign ° indicates the 
ghana places and the sign — indicates the aghana 
places. 

1860867 (root = 1 
Cube of root 1 


Three times square of root 3)08(2= quotient (or next digit of 
(3X 1?) 6 root) 


26 
Square of quotient multiplied 12 


by three times the pürva — 


(22x 3X 1) 140 
Cube of quotient 8 
Three times square of root 432)1328(3 = quotient (or next digit 
(3X 12?) 1296 of root) 
326 
Square of quotient multiplied 324 
by three times the parva — 
(82x 3X12) 27 
Cube of quotient 27 
0 


Cube root is 123 


6. The area of a triangle is the product of the perpendicular 
and half the base. Half the product of this area and the feist is 
the volume of a solid which has six edges (pyramid). 

If samadalakott can denote, as Paramegvara says, 
a perpendicular which is common to two triangles the 
rule refers to all triangles. If samadalakott refers to a 
perpendicular which bisects the base it refers only to 
isosceles triangles.! 

! For agra or agri in the sense of “edge” see note to stanza II, 3. 
See JBORS, XII, 84-85, for discussion of the inaccurate value given 
in the second part of the rule. 
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7. Half of the circumference multiplied by half the diameter 

is the area of a circle. This area multiplied by its own square root 
is the exact volume of a sphere.! i 

8. The two sides (separately) multiplied by the perpendicu- 

nd divided by jo sum will give the p Di 


intersect) to th 
Y A NAVEM 


| f | i | Área .Set 5) ; 


The ali applies to any four-sided plane figure of 


which two sides are parallel, ie., trapezium. The 


word translated "sides" refers to the two parallel 
sides. The perpendicular is the perpendicular be- 
tween the two parallel sides. 

In the example given above a and 6 are the 
parallel sides, c is the perpendicular between them, 
and d and e are the perpendiculars from the point 
'of intersection of the two diagonals to the sides a and 
b, respectively. 

9. The area of any plane figure is found by determining two 
sides and then multiplying them together. 

The chord of the sixth part of the cireumference is equal to 
the radlus. 


i See ibid. and Bibl. math., IX, 196, for discussion of the inac- 
curate value given in the second part of the rule. For a possible 
reference to this passage by Bhàskara, Golüdhyàya, Bhuvanakoéa, 
stanza 61 (Vdsandbhdsya) (not stanza 52 as stated), see BCMS, 
XVIII (1927), 10. 
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The very general rule given in the first half of this 
stanza seems to mean, as Parame$vara explains in 
some detail, that the mathematician is to use his in- 
genuity in determining two sides which will represent 
the average length and the average breadth of the 


A [us] a adic rai s etam V dee AL 
figure. Their product will be the area. Methods to 
be employed with various kinds of figures were doubt- 


less handed down by oral tradition. 

Rodet thinks that the rule directs that the figure be 
broken up into a number of trapeziums. It is doubtful 
whether the words can bear that interpretation. 

10. Add 4 to 100, multiply by 8, and add 62,000. The 
result is approximately the circumference of a circle of which the 
diameter is 20,000. 


The circumference is 62,832. The diameter is 
20,000. 


By this rule the r 


ULiv 


diameter is 3.1416.! 

Bhaskara, Golddhydya, Bhuvanakosa (stanza 52), 
Vdsandbhdsya, refers to this rule of Aryabhata. 

11.. One should divide a quarter of the circumference of a 
circle (into as many equal parts as are desired). From the tri- 


angles and quadrilaterals (which are formed) one will have on the 
radius as many sines of equal ares as are desired.? 


The exact method of working out the table is not 
known. It is uncertain what is intended by the 
triangle and the quadrilateral constructed from each 
point marked on the quadrant.? 


TRAY GY Owes 43 


1 See J BURS, XII, 82; JEÁS, 1910, pp. 152, 754. 

2 See the table given in I, 10 of the differences between the sines, 
Twenty-four sines taken at intervals of 225 minutes of arc are regu- 
larly given in the Indian tables. 

2 Note the methods suggested by Kaye and Rodet and ef. JIMS, 
XV (1923-24), 122 and 108-9 of ‘‘Notes and Questions." 
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12. By what number the second sine is less than the fi 


sine, and by the quotient obtained by dividing the sum of the 
wheceding sines by the first sine, by the sum of these two quanti- 
ties the following sines are less than the first sine. 


The last phrase may be translated “the sine- 
differences are less than the first sine.” 

This rule describes how the table of sine-differ- 
ences given in I, 10 may be calculated from the first 
one (225). The first sine means always this first sine 
225. The second sine means any particular sine with 
which one is working in order to calculate the follow- 
ing sine. 

Subtract 225 from 225 and the remainder is 0. Di- 
vide 225 by 225 and the quotient is 1. The sum of 0 and 
1 is subtracted from 225 to obtain the second sine 224. 
Subtract 224 from 225 and the remainder is 1. 


Mida 995 n] 
Divide 225 plus 224 by 225 and the nearest quotient 


is 2. Add 2 and 1 and subtract from 225. The third 
sine will be 222. Proceed in like manner for the fol- 
lowing sines. 

If this method is followed strictly there results 
several slight divergences from the values given in I, 
10. It is possible to reconcile most of these by assum- 
ing, as Krishnaswami Ayyangar does, that from time 
to time the neglected fractions were distributed 
among the sines. But of this there is no indication in 
the rule as given. 


1 For discussion of the Indian sines see the notes of Rodet and 
Kaye; Paficasiddhantika, oe iv; Saryasiddhania, IT, 15-27; Lalla, 
p. 12; Brahmagupta, II, 2-10; J RAS, 1910, pp. 752, "754; IA, XX, 
228; Brennand, Hindu Astronomy, pp. 210-13; JIMS, XV (1923-24), 
121-26, with attempted explanation of the variation of several of 
the values given in the table from the values calculated by means of 
this rule, and ibid., pp. 105-18 of “Notes and Questions." 
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How Kaye gets “If the first and second be bisected 
in succession the sine of the half-chord is obtained" 
is a puzzle to me. It is impossible as a translation 
of the Sanskrit. 

13. The circle is made by turning, and the triangle and the 
quadrilateral by means of a karna; the horizontal is determined 
by water, and the perpendicular by the plumb-line. 

Tribhuja denotes triangle in general and catur- 
bhuja denotes quadrilateral in general. The word 


7 larly d 
karna regularly denotes the hypotenuse of a right- 


angle triangle and the diagonal of a square or rec- 
tangle. I am not sure whether the restricted sense of 
karna limits tribhuja and caturbhuja to the right-angle 
triangle and to the square and rectangle or whether 
the general sense of tribhuja and caturbhuja general- 
izes the meaning of karna to that of one chosen side of 
a triangle and to that of the diagonal of any quadri- 
lateral. At any rate, the context shows that the 
rule deals with the actual construction of plane 
figures. 

Paramesvara interprets it as referring to the con- 
struction of a triangle of which the three sides are 
known and of a quadrilateral of which the four sides 
and one diagonal are known. One side of the triangle 
is taken as the karna. Two sticks of the length of the 
other two sides, one touching one end and the other 
the other end of the karna, are brought to such a posi- 
tion that their tips join. The quadrilateral is made 
by constructing two triangles, one on each side of the 
diagonal. 
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The circle is made by the turning of the karkata 
or compass. 


14. Add the square of the height of the gnomon to the square 


of its shadow. The square root of this sum is the radius of the 
khavrita. 


The text reads khavrtta ("sky-circle"). Para- 
mesvara reads svavrita (‘its circle"). I do not know 
which is correct. 

Kaye remarks that in order “to mark out the 


bil analna AN OW wes In Aant? ars dial 


nour E ni on an orainar y ER iti S 

describe two circles, one of which has its radius equal 
to the vertical gnomon and the other with radius - 
equal to the hypotenuse of the triangle formed by the 
equinoetial shadow and the gnomon." It may be that 
this second circle is the one referred to here. Para- 


ha h 
meśvara has chdydgramadhyam śankuśirahprāpi yan 


mandalam ürdhvadhahsihitam tat svavritam ity ucyate, 
“the circle which has its centre at the extremity of 
the shadow and which touches the top of the gnomon 


is called the svavrtia.” As Rodet remarks, it is diff- 
cult to see for what purpose such a circle could serve. 


em 9€ ME CT 


15. Multiply the length of the gnomon by the distance be- 
tween the gnomon and the bhuja and divide by the difference 
between the length of the gnomon and the length of the bhuja. 
The quotient will be the length of the shadow measured from 
the base of the gnomon.? 


1 For parallels to the stanza see Lalla (Yantrüdhyáya, 2) and 
Brahmagupta, XXII, 7. See BCMS, XVIII (1927), 68-69, which is 
too emphatic in its assertion that karma must mean “diagonal” and 
not “hypotenuse.” 

2 See Brahmagupta, XII, 53; Colebrooke, op. cil, p. 317; 
Brennand, op. cit., p. 166. 
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Because of the use of the word kofi in the following 
rule Rodet is inclined to think that the gnomon and 
the bhuj& were not perpendicular but projected hori- 
zontally from a wall. uM denotes any side of a 
triangle, but kot usually ref ers to an upright. It i is 


possible, however, for kol? to denote any perpendicu- 
lar to the bhujā whether horizontal or upright. 


he 


x 


j 


" P 
B D | C 
BA is the bhujé which holds the light, 
DE is the gnomon, 
DEXBD 
DC = —AF ^" 

16. The distance between the ends of the two shadows multi- 
nhad her tha langeth af tha ahadaw and dindard he tha Aifarannn 
pucu Vy UILT l1 dd Ud UL ULLS AUAUU VW ALU ULVIMOCU Wy ULL! cuuerence 
In n le neth af tha Tu o sha Arora merna tha kat Mha batt miultinliad 

iv. Lis vil UL LILIU UVY Sua UU OWS LVYOO UIIG lvULU. LUG lvUCG 1 UU pugu 
by the length of iic gnomon and divided by the length of the 


shadow gives the length of the bhujà. 


The literal translation of chdydgunitam  chàáyà- 
gravivaram ünena bhàjWà kof seems to be “The dis- 
tance between the ends of the two shadows multiplied 
by the length of the shadow is equal to the kofi 
divided by the difference in length of the two shad- 
ows.” This is equivalent to the translation given 


above. 
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B 
D D' 
| D X | a 
A E! 
ui C E C Ir 
AB is the bhugà, 
AE is the koi, 


CD is the gnomon in its first position, 
C'D' is the gnomon in its second position, 
CE and C'E’ are the first and second shadows, 


AT e TTT, 


The length of the bhujà which holds the light and 
the distance between the end of the shadow and the 
base of the bhujé are unknown. In order to find them 
the gnomon is placed in another position so as to give 
a second shadow. 

The length of the shadow is its length when the 
gnomon is in its first position. The kof is the dis- 
tance between the end of the shadow when the gno- 
mon is in its first position and the base of the bhuja. 

The word kof; means perpendicular (or upright) 
and the rule might be interpreted, as Rodet takes it, 
as meaning that the bhujü and the gnomon extend 
horizontally from a perpendicular wall. But the 
words bhujà and kof also refer to the sides of a right- 
angle triangle without much regard as to which is 
horizontal and which is upright. 
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Or the first position of the gnomon may be C’D’ 
and the second CD. To find AF’ and AB 

17. The square of the bhujà plus the square of the ko is the 
square of the karna. 

In a circle the product of two áaras is the square of the half- 
chord of the two arcs. 

The bhuia and koti a 


A LLU UJA Lu FULLY re MALLY 
triangle. The e n is the hypotenuse 

The $aras or "arrows" are the segments of a 
diameter which bisects any chord.? 


c 
i 
31 
: 
zh 
[qu 
TA 
[e 
Eh 


axb-c 
a where c is the half-chord. 


ow 4 


18. (The diameters of) two cireles (separately) minus the 
grasa, multiplied by the grasa, and divided separately by the sum 
of (the diameters of) the two circles after the grdsa has been sub- 
tracted from each, will give respectively the sampdtasaras of the 
two circles. 


When two circles intersect the word grdsa (“the 
bite") denotes that part of the common diameter of 
the two circles which is cut off by the intersecting 
chords of the two circles. 

! See Brahmagupta, XII, 54; Colebrooke, op. cit., p. 318; Bren- 
nand, op. cit., p. 166. 


2 Cf. Brahmagupta, XII, 41. See BCMS, XVIII (1927), 11, 71, 
with discussion of the quotation given by Colebrooke, op. cit., p. 309, 
from Prthiidakasvami’s commentary to Brahmagupta. 
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C 
AB is the grasa, 
m IE IB AE and BE are the 
\ Y | / / sampdtasaras. 
ee A. 
_AB(d—AB) _AB(D—AB) 
HE aa AB. MH 8 peg ooaB 


where d and D are the diameters of the two circles. 


The sampdtasaras are the two distances (within 
the grdsa), on the common diameter, from the cir- 
cumferences of the two circles to the point of inter- 
section of this common diameter with the chord con- 
necting the two points where the circumferences 


M d ommna a n 


intersect.! 

19. The desired number of terms minus one, halved, plus the 
number of terms which precedes, multiplied by the common 
differenee between the terms, plus the first term, is the middle 
term. This multiplied by the number of terms desired is the sum 
of the desired number of terms. 

Or the sum of the first and last terms is multiplied by half the 
number ot terms. 

This rule tells how to find the sum of any desired 
number of terms taken anywhere within an arith- 
metical progression. Let n be the number of terms 
extending from the (p--1)th to the (p-+n)th terms 
in an arithmetical progression, let d be the common 
difference between the terms, let a be the first term 
of the progression, and / the last term. 


i Cf. Brahmagupta, XII, 43; Colebrooke, op. cit., p. 311. 
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The second part of the rule applies only to the sum 
of the whole progression beginning with the first 


term. 
al, 
/ j 


s=n 


As Paramesgvara says, samukhamadhyam must be 


A^ £u m EP D oo AAA T. lA U^ 


taken as equivalent to samukham madhyam. 

Whether Parameévara is correct in his statement 
bahustirarthapradarsakam etat sitram. ato bahudha 
yojanü küryà and subsequent exposition seems very 
doubtful. 


Brahmagupta, XII, 17 has only the second part of 


Alo Ya! 
bine ruie.” 


20. Multiply the sum of the progression by eight times the 
common difference, add the square of the difference between twice 
the first term and the common difference, take the square root of 
this, subtract twice the first term, divide by the common differ- 
ence, add one, divide by two. The result will be the number of 
terms. 


-i[ SE y P 
2 d 

As Rodet says, the development of this formula 
from the one in the preceding rule seems to indicate 


* . . . 
+ 
knowledge of the solution of quadratic equations in 


the form az?+ba+c=0.3 
1 Cf. Colebrooke, op. cit., p. 290. 


? See Brahmagupta, XII, 18; Colebrooke, op. cit., p. 291. 
? See also JA (1878), I, 28, 77, and JBORS, XII, 86-87. 
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21. In the case of an upaciti which has one for the first term 
and one for the common difference between the terms the product 
of three terms having the number of terms for the first term and 
one as the common difference, divided by six, is the citighana. Or 
the cube of the number of terms plus one, minus the cube root of 
this cube, divided by six. 

Form an arithmetical progression 1 2 3 4 5, etc. 
Form the series 1 3 6 10 15, etc., by taking for the 
terms the sum of the terms of the first series. The 
rule gives the sum of this series. 

It also gives the cubic contents of a pile of balls 
which has a triangular base. The wording of the rule 
would seem to imply that it was intended especially 
for this second case. Citighana means ‘“‘cubie con- 
tents of the pile," and upaciti ("pile") refers to the 
base (or one side) of the pile, i.e., 1 2 3 4 5, etc. 

As Rodet remarks, it is curious that in the face of 
this rule the rule given above (stanza 0) for the 
volume of a pyramid is incorrect. 


gatmtrDint2) 1. (n--1) — (n--1) 
6 6 i 


22. The sixth part of the product of three quantities con- 
sisting of the number of terms, the number of terms plus one, 
and twice the number of terms plus one is the sum of the squares. 
The square of the sum of the (original) series is the sum of the 
cubes. 


rrom the PULITO i a v T, etC., LULIIUE the serie 


149 16, etc., and 1 8 27 64, etc., consisting of tis 


! Cf. Brahmagupta, XII, 19; Colebrooke, op. cit., pp. 292-93. 
Brahmagupta (XII, 20) directs that the summation of certain series 
be illustrated by means of piles of round balls. 
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squares and cubes of the terms of the first series. The 
rule tells how to find the sums of the second and 
third series. 


The rule for > the sum of the first series was 
given above in stanza 19. 


FTM. ss. e 11 E PE. 
ine sum oli the squares is 


n(n+1)(2n+1) 


99) Dra chau avhéwna ant tha aim anf tha aniiarnaa nf tern fa ntanna 
s. VIO DUU UIU ISUL/ULOUU LIIT DULI UL LLU SU ue vi UL UYU LOIjGUUAID 
funn. tha ania PA nf thain atm” Half tha roonlt ig tha nraciiint nf 
AliVili vug Muuuasuv WL ULI dh DULLL Ah ULIC LUOULUL 13 ULL LUAU Wl 
tha turn fantnra 
Vise UYYU Lavuulsc 


gC Ga 


24. Multiply the product (of two factors) by the square of 
two (4), add the square of the difference between the two factors, 
take the square root, add and subtract the difference between the 
two factors, and divide the result by two. The results will be the 
two factors. 


V 4ab+ (a — b) +(a—b) 
2 


will give a and b 


25. Multiply the sum of the interest on the principal and 
the interest on this interest by the time and by the principal. 
Add to this result the square of half the prineipal. Take the 
square root of this. Subtract half the principal and divide the 
remainder by the time. T'he result will be the interest on the 


"nana? 


j*HMvlpal. 


1 Cf. Brahmagupta, XII, 20; Colebrooke, op. cit., p. 203; BCMS, 
XVIII (1927), 70. 


2 Cf. the somewhat similar problem in Brahmagupta, XII, 15; 
Colebrooke, op. cit., pp. 287—28, and see the discussion of Kaye. 
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The formula involves the solution of a quadratic 
equation in the form of az?+26z2=c.? 

A sum of money is loaned. After a certain unit of 
time the interest received is loaned for a known num- 


ber of units of time at the same interest. What is 
own is the ount Or the interest on tne principal 


plus the interest on this interest. Call this B. Let 
principal be A. Let £ be the time. 


The following example is given by Paramesvara. 
The sum of 100 is loaned for one month. Then the 
interest received is loaned for six months. At that 
time the original interest plus the interest on this 
interest amounts to 16. 


B=16 E Pe ETT 
A=100 V16X100X8- 2500-8019, 
=6 


1 ea on 100 in one month was 10. 
26. In the rule of three multiply the fruit by the desire and 
divide by the measure. The result will be the fruit of the desire. 
The rule of three corresponds to proportion. 
In the proportion a is to b as cis to x the measure 
is a, the fruit is b, the desire is c, and the fruit of the 


1 See JBORS, XII, 87. 
? See Brahmagupta, XII, 10 and Colebrooke, op. cit., p. 283. 
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Par pene eS moa Ae LS 
5 f nultipliers ana an 7isors ar e multi- 


S 
plied pene a numerators and denominators Pm the 
other denominators in order to reduce fractions to a common 
denominator. 

For the first part of the rule I have given what 
seems to be the most likely literal translation. The 
exact sense is uncertain. Kaye (agreeing with Rodet) 
translates, "The denominators are multiplied by one 
another in multiplication and division." If that is the 
correct translation the genitive plural is curious. 
Parame$vara explains gunakàra as gunagunyayor 
ühatir aira gunakaàrasabdena vivaksità. harya ity arthah 
and then seems to take bhdgahdra as referring to a 
fractional divisor of this product. Can the words bear 
that construction? In either case the inversion of 
numerator and denominator of the divisor would be 


takan for crantod 


taken for granted. 

It is tempting to take gunakdrabhdgahdra as mean- 
ing “fraction” and to translate, “The denominators 
of fractions are multiplied together.’’ But for that 
interpretation I can find no authority. 

28. Multipliers become divisors and divisors become multi- 
pliers, addition becomes subtraction and subtraction becomes 
addition in the inverse method. 

The inverse method consists in beginning at the 
end and working backward. As, for instance, in the 
question, "What number multiplied by 3, divided by 
5, plus 6, minus 1, will give 5?" 

29. If you know the results obtained by subtracting suc- 
cessively from a sum of quantities each one of these quantities 
set these results down separately. Add them all together and 


divide by the number of terms less one. The result will be the 
sum of all the quantities. 
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The translation given by Kaye is incorrect. The 
revised translation given in his Indian Mathematics, 
page 47, is not an improvement.! 


2—d=a+b+c 
According to the rule 3a-+3b-+-3ce+3d 
z—a=b+c+d sat A EE ie sog 
jas --c--d aividea DY o gives r-—daGà-ro-dqcrG 
ee since 42=4a+4b+4e+4d 
z—c=a+b+d 


30. One should divide the difference between the pieces of 
money possessed by two men by the difference between the ob- 
jects possessed by them. The quotient will be the value of one of 
the objects if the wealth of the two men is equal. 

Two men possess each a certain number of pieces 
of money (such as rupees) and a certain number of 
objects of merchandise (such as cows). 

Let a and b be the number of rupees possessed by 
two men, and let m and p be the number of cows 
possessed by them. 


b—a . 
uem since mz-J-a- pr--b. 

If one man has 100 rupees and 6 cows and the 
other man has 60 rupees and 8 cows the value of à 
cow is 20 rupees provided the wealth of the two men 
is equal. 

31. The two distances between two planets moving in &ppo- 
site directions is divided by the sum of their daily motions. The 
two distances between two planets moving in the same direction 
is divided by the difference of their daily motions. The two results 
(in each case) will give the time of meeting of the two in the past 
and in the future. 


! Cf. JBORS, XII, 88-90. 
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ERES hu REM 


In each Case there will be two distances between 
the planets, namely, that between the one which is 
behind and the one which is ahead, and, measuring 
in the same direction, the distance between the one 
which is ahead and the one which is behind. This 


seems to be the only adequate interpretation of the 
word dve. The translations of Rodet and Kaye fail 
to do full justice to the word dve.! 


The next two stanzas give a method for the solu- 
tion of indeterminate equations of the first degree; 
but no help for the interpretation of the process in- 
tended, which is only sketchily presented in Arya- 
bhata, is to be found in Mahavira, Bhaskara, or the 
second Aryabhata. The closest parallel is found in 
Brahmagupta, XVIII, 3—5.? The verbal expression is 
very similar to that of Aryabhata, but with one im- 
portant exception. In place of the enigmatic state- 
ment matigunam agrdntare ksvptam, “(The last re- 
mainder) is multiplied by an assumed number and 
added to the difference between the agras," Brahma- 
gupta has, “The residue (of the reciprocal division) is 
by an assumed number such that t 


i Pe Ne die Fl fie Saf rdi 


m ied n umed 
product having added to it the diff 


Fhe 


remainders may be exactly divisible (by the residue’s 
divisor). That multiplier is to be set down (under- 
neath) and the quotient last." It is possible that this 
same process is to be understood in Aryabhata. 


‘Cf. Paramegvara, dve iti vacanam antarasya dvaividhydt. 
Sighragatihino mandagatir antaram bhavati. mandagatihinas stghragatis 
caniaram bhavati. tit dvaividhyam and his further interpretation of the 
results. 

Cf. Brahmagupta, IX, 5-6 and Bhaskara, Ganitddhydya, Gra- 
hayutyadhikara, 3—4, and Vasanabhasya, and see J A (1878), I, 28. 


2 Colebrooke, op. cit., p. 325. 
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First I shall explain the stanza on the basis of 
Paramesvara’s interpretation and of Brahmagupta’s 
method: 


32-33. Divide the divisor which gives the greater agra by the 
divisor which gives the smaller agra. The remainder is reciprocal- 
ly divided (that is to say, the remainder becomes the divisor of 
the original divisor, and the remainder of this second division 
becomes the divisor of the second divisor, etc.). (The quotients 
are placed below each other in the so-called chain.) (The last 
remainder) is multiplied by an assumed number and added to the 
difference between the agras. Multiply the penultimate number 
by the number above it and add the number which is below it. 
(Continue this process to the top of the chain.) Divide (the top 
number) by the divisor which gives the smaller agra. Multiply 
the remainder by the divisor which gives the greater agra. Add 
this product to the greater agra. The result is the number which 
will satisfy both divisors and both agras. 


In this the sentence, "(The last remainder) is 
multiplied by an assumed number and added to the 
difference between the agras," is to be understood as 
equivalent to the quotation from Brahmagupta given 
above. 

The word agra denotes the remainders which con- 
stitute the provisional values of z, that is to say 
values one of which will satisfy one condition, one of 
which will satisfy the second condition of the prob- 
lem. The word dviccheddgra denotes the value of x 
which will satisfy both conditions. 


I cannot agree with the translation given by Kaye 
(and followed by Ma zumdar, BCMS, IIT, 11) Or 
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m the method given by Kaye. Kaye’ s transla- 
tion of matigunam agrüniare ksiptam, “An assumed 
number together with the original difference is thrown 
in," is an impossible translation, and any method 
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based on that translation is bound to be incorrect. It 
omits altogether the important word gunam (“‘multi- 
plied”). Since the preceding phrase dealt with the 
remainders of the reciprocal division, the natural 
word to supply with matigunam seems to be sesam 


tion. A E ond po sible interpretation, shi will be 
given below, would supply “quotient” instead of 
"remainder." 

The following example is given by Paramesvara. 


Sg gives a remainder of 4 “3 gives a remainder of 7. 
These are equivalent to M y and m eer or 8r— 


29y=4 and 177—45z=7 
where y and z are the quotients of the division (y and z to be 
whole numbers). 


1. First process. To find a value of x which will satisfy the first 
equation: 


Take an assumed number such that multiplied by 
1 (the last remainder of the reciprocal division) and 
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A fit 


plus or minus 4 (the original remainder) it will be 
exactly divisible by 2 (the last divisor of the recip- 
rocal division). 


6 is taken because os =], 


— 

3 73 29)73(2 
1 20 58 
1 12 15 
EI LIU au 
1 7 This remainder 15 is the agra. that is to sav, a value of z 
6 which will satisfv the equation 

wne satisry the equatio 


2. Second process. To find a value of z which will satisfy the 


second equation: 
17)45(2 
34 


11)17(1 
11 


61 
6 


- Bed 
5 


1 


Take an assumed number such that multiplied 
by 1 (the last remainder of the reciprocal division) 
and plus or minus 7 (the original remainder) it will be 
exactly divisible by 5 (the last divisor of the reciprocal 
division). 
3+7 

5 


=2. 


3 is taken because 
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Therefore 3 and 2 are to be added to the Oou atg to 
form the chain. 


2 84 34)45(1 

1 13 34 

1 8 — 

1 5 11 

3 This remainder 11 is the agra, that is to say, a value of x 
2 which will satisfy the equation. 


These numbers 15 and 11 are the agras mentioned 
at the beginning of the rule. The corresponding 


divisors are 29 and 45. The difference between the 
APNO o0 A 7 A^ 1 K — 1 1 
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3. Third process. To find a value of z which will satisfy both 


equations: 
29)45(1 
29 


16)29(1 
16 


13) 16(1 


Take an assumed number such that multiplied by 

1 (the last remainder of the reciprocal division) and 

plus or minus 4 (the difference between the agras) it 

will be exactly divisible by 3 (the last divisor of the 
reciprocal division). 


ae 


2 is taken because —— —2. 
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Therefore 2 and 2 are to be added to the quotients 
to form the chain. 


1 34 45)34(0 

1 22 0 

1 12 — 

4 10 34 

: Therefore 3+ is the remainder 


Then in accordance with the rule 34K 29=986 
and 9864-15 — 1001 


" Strictly S p us applies only to the third 
process given above. 'The solution of the single inde- 
terminate equation is taken for granted and is not 
given in full. There is nothing to indicate how far 
the reciprocal division was to be carried. Must it be 
carried to the point where the last remainder is 1? 
Must the number of quotients taken to make the 
chain be even in number? 

On page 50 of Kern's edition a 1 has been omitted 
by mistake (twice) as the fourth member of the chains 
given. 

The following method was partially worked out by 
Mazumdar,! who was misled in some details by fol- 
lowing Kaye's translation, and by Sen Gupta,’ and 
fully worked out by Sarada Kanta Ganguly.’ 


1 BCMS, III, 11-19. 


? Journal of the Department of Letters (Caleutta University), XVI, 
27-30. 


8 BCMS, XIX (1928), 170-76. 
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According to Ganguly’s interpretation, the trans- 
lation would be: 


32-33. Divide the divisor corresponding to the greater re- 
mainder by the divisor corresponding to the smaller remainder. 


The remainder (and the divisor) are reciprocally divided. (This 
process is continued until the last remainder is 0.) (The quotients 
are placed below each other in the so-called chain.) Mu ultiply 


any assumed number by the last quotient of the reciprocal 
division and add it to the difference between the two remainders. 
(Interpreted as meaning that this product and this difference are 


mate number by the number above it and ádd the ee er which 
is below it. (Continue this process to the top of the chain.) 
Divide (the lower of the two top numbers) by the divisor cor- 
responding to the smaller remainder. Multiply the remainder 
by the divisor corresponding to the greater remainder. Add 
the product to the greater remainder. The result is the (least 
number) which will satisfy the two divisors and the two re- 
mainders. 


He remarks: 


The implication is that the least number satisfying the given 
conditions ean also be obtained by multiplying the remainder, 
obtained as the result of division of the upper number by the 
divisor corresponding to the greater given remainder, by the 
divisor corresponding to the smaller given remainder and then 
adding the smaller remainder to the product. 


From this point of view the problem would be 
that of finding à number which will leave given 
remainders when divided by given positive integers. 

For example, to take à simple ease: What num- 
ber divided by 3 and 7 will leave as remainders 2 
and 1? 

Following the rule literally, even though a smaller 
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number has to be divided by a larger number we get 
the following: 
7)3(0 
0 


“3)7(2 
6 


1)3(3 


ole 


Multiply the last quotient (3) by an assumed 
number (for instance, 3) and set this product and the 
difference between the remainders 2 and 1, i.e., (1) 


down below the quotients to form the chain. 


0 28 7)65(9 
2 65 63 
3 28 Ms 
9 2 
1 
Then 2X3 26 and 6+2=8. 
or 3)28(9 
27 
1 


Then 1X7=7 and 7+1=8. 
Therefore 8 is the number desired. 


The two methods attach different significations to 
the word agra and supply different words with bhājite 
in the third line ("remainder," in one case; ‘‘quo- 
tient," in the other). They differ fundamentally in 
their interpretations of the words matigunam agrd- 
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ntare ksiptam. In the first method it is necessary to 
supply much to fill out the meaning, but the transla- 
tion of these words themselves is a more natural one. 
In the second method it is not necessary to supply 
anything except “quotient” with matigunam (in the 
first method it is necessary to supply “‘remainder’’). 
But if the intention was that of stating that the 
product of the quotient and an assumed number, and 
the difference between the remainders, are to be 
added below the quotients to form a chain the 
thought is expressed in a very curious way. Ganguly 
finds justification for this interpretation (p. 172) in 
his formulas, but I cannot help feeling that the San- 
skrit is stretched in order to make it fit the formula. 

The general method of solution by reciprocal 
division and formation of a chain is clear, but some 
of the details are uncertain and we do not know to 
what sort of problems Aryabhata applied it. 


CHAPTER III 
OF TIME 
1. À Tear consists of twelve months. A month consists of 
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This is p division of time 


beginning with a rev olution? 

3. The difference between the number of revolutions of two 
planets in a yuga is the number of their conjunctions. 

Twice the sum of the revolutions of the Sun and Moon is the 
number of vyatipatas. 


This is a yoga of the Sun and Moon when they are 
in different ayanas, have the same declination, and 
the sum of their longitudes is 180 degrees. 


4. The difference between the number of revolutions of a 
planet and the number of revolutions of its ucca is the number of 
revolutions of its epicycle. 

The number of revolutions of Jupiter multiplied by 12 are 
the years of Jupiter beginning with Ás$vayu]a.* 

1 Cf. Süryasiddhünta, I, 11-13; Alberuni, I, 335; Bhattotpala, p. 
24. 

2 Of. Sdryasiddhania, I, 11, 28; Bhattotpala, p. 24; Pavicasi- 
ddhantikd, XIV, 32, for the first part of 2; Brahmagupta, I, 5-6, and 
Bhiaskara, Ganitddhéya, Kálamanàdhyáya, 16—18, for both stanzas. 

3 See Lalla, Madhyamadhiküra, 11; Brahmagupta, XIII, 42, for 
the first part. For vyatipüta see Süryasiddhünta, XI, 2; Paficasi- 
ddhantika, III, 22; Lalla, Mahapatadhikàára, 1; Brahmagupta, XIV, 
31, 39. 

t Tor the first part see Lalla, Madhyamàadhikàra, 11; Brahma- 
gupta, XIII, 42; Bhaskara, Ganitádhyàya, Bhaganddhydya, 14. For 
the second part see JRAS, 1863, p. 378; ibid. 1865, p. 404; 
Süryasiddhània, I, 55; Bhattotpala, p. 182. 

5l 
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The word ucca refers both to mandocca (“apsis”) 
and sighrocca (‘‘conjunction’’). 

Paramesvara explains that the number of revolu- 
tions of the epicycle of the apsis of the Moon is equal 
to the difference between the number of revolutions 
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of revolutions of the epicycles of their apsides is 
equal to the number of revolutions of the planets; 
and that the number of revolutions of the epicycles 
of the conjunctions of Mercury, Venus, Mars, 
Jupiter, and Saturn is equal to the difference between 
the revolutions of the planets ane the revolutions of 
their conjunctions. 

As pointed out in the note to I, 7, the apsides were 
not regarded by Aryabhata as being stationary in the 
absolute sense. They were regarded by him as sta- 
tionary for purposes of calculation at the time when 
his treatise was composed since their movements were 
very slow. 


5. The revolutions of the Sun are solar years. The conjunc- 
tions of the Sun and Moon are lunar months. The eonjunctions 
~ Tat. EIS ADS I a TES RN 


of the Sun and the Earth aic [civil] Gays. The revolutions of the 
asterisms are sidereal days. 


The word yoga applied to the Sun and the Earth 


(instead of bhagana or Gvarta) seems clearly to indi- 
eate that Aryabhata believed in a rotation of the 


Barth (aoo IV, AY Paramadcvara’s ovnlanatinn. ram- 
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bhavogaéabilent raver bhüparibhramanam abhihitam, 
seems to be impossible. 


6. Subtract the solar months in a yuga from the lunar months 
in a yuga. The result will be the number of intercalary months in 
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a yuga. Subtract the natural [civil] days in a yuga from the lunar 
days in a yuga. The result will be the number of omitted lunar 
days in a yuga.! 

7. A solar year is a year of men. Thirty of these make a year 
of the Fathers. Twelve years of the Fathers make a year of the 


9. The first half of a yuga is called wisarpini [ascending]. The 
latter half is called avasarpini [descending]. The middle part of a 
yuga is called susamà. The beginning and the end are called 
dussamda. Because of the apsis of the Moon. 


ATL rot Orn m3 


Alberuni (I, 370-71) remarks: 

Aryabhata of Kusumapura, who belongs to the school of the 
elder Áryabhata, says in a small book of his on Al-ntf (?), that 
“1,008 caturyugas are one day of Brahman. The first half of 504 
caturyugas is called utsarpini, during which the sun is ascending, 
and the second half is called avasarpini, during which the sun is 
descending. The midst of this period is called sama, i.e., equality, 
for it is the midst of the day, and the two ends are called durtama 
e 

“This is so far correct, as the comparison between day and 
kalpa goes, but the remark about the sun's ascending and 
descending is not correct. If he meant the sun who makes our 
day, it was his duty to explain of what kind that ascending and 
descending of the sun is; but if he meant a sun who specially be- 
longs to the day of Brahman, it was his duty to show or to 
describe him to us. I almost think that the author meant by these 
two expressions the progressive, increasing development of 
things during the first half of this period, and the retrograde, 
decreasing development in the second half." 


puc CRIT 3 


1 Cf. Süryasiddhàánta, I, 35-386; Lalla, Madhyamadhikara, 10; 
Brahmagupta, I, 24 and XIII, 26. 

2 Cf. Süryasiddhünta, I, 13-15; I, 20. Brahmagupta (I, 12) 
criticizes Aryabhata’s figure of 1,008 yugas instead of 1,000 yugas. Cf. 
JRAS, 1865, p. 400. Cf. also I, 3 and see J EAS, 1911, p. 486. 


54 ARYABHATIYA 


The reference is to the foregoing stanza. The mid- 
dle of the yuga seems to be called susamà (‘‘even’’) 
because good and bad are evenly mixed. The begin- 
ning and the end are called dussamà (“uneven”) be- 
cause in one case goodness and in the other case 


badness predominates 
A » A amwA lbas hänn Lan 
Parameśvara remarks that the vyākhyākāra has 


given no explanation. Then he quotes from the 
Bhataprakasika a statement to the effect that our 
text refers to the increase and decrease of men’s lives 
in the course of a yuga and a criticism (asyürtho 
"bhiyuktair nirüpya vakiavyah) of the last phrase of 
the stanza. He then continues by saying that he does 
not see what meaning can be intended by the word 
indüccát, and adds that the word has nothing to do 
with the matter under discussion, has no significance 
for the calculation of the places of the planets. Then 
he adds two forced explanations. The meaning of 
indiccat is quite uncertain. 

Sudhàkara (Ganakatarangini, p. 7) suggests the 
emendation to UOTE: 


The terminology is distinctively Ja 


10. When three yugapddas and sixty times m years had 
elapsed (from the beginning of the yuga) then twenty-three years 
of my life had passed? 


If Aryabhata began the Kaliyuga at 3102 B.c. as 
later astronomers did, and if his fourth yugapdda 


i See Hemacandra, Abhidhanacintaàmami, 128-35; Glasenapp, 
Der Jainismus, pp. 24445; Kirfel, Kosmographie, p. 339; ZDMG, 
LX, 320-21; Stevenson, The Heart of Jainism, pp. 272 ff. See also 
Hardy, M anual of qr p. 7. 


? See J RAS, 1863, 387; ibid. 1865, 405; Kern, Brhat 
Samhiia, Preface, p. 57; RAS. 1911, pp. 111-12, 
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began with the beginning of the Kaliyuga, we arrive 
at the date 499 a.p. It is natural to take this as the 
date of composition of the treatise. Paramesvara 
quotes the Prakdstkakdra to the effect that this is to 
be taken as the date at which the calculations of the 


true places of the planets made by it would be correct, 
and that for later times a aS RUN would have to be 
made 


The word tha may mean “here” or “now.” 
Parame$vara takes it as referring to this present 
twenty-eighth caturyuga. 

11. The yuga, the year, the month, and the day began all 
together at the beginning of the bright fortnight of Caitra. Time, 
which has no beginning and no end, is measured by (the move- 
ments of) the planets and the asterisms on the sphere. 


Bhau Der first pointed out the im made 
of this stanza by Brahmagupta (XT, 6 6): 
yugavarsadin vadata caitrasitadeh samarth pravrttàn yat| 
tad asad yatah sphutayugazh tat sthairyàn mandapàtànàm.]| 
Compare Brahmagupta, I, 4, and Bhaskara, Ganita- 
dhyéya, Kdélamanddhyaya, 15, who refers to an earlier 
commentary in which time is called endless.” 
12. The planets moving equally (traversing the same distance 
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in yojanas cach day) in their orbits complete the circle of the 
asterisms in sixty solar years, and the circle of the sky in a divine 


age [caturyuga]. 

In sixty years they move a distance in yojanas 
equal to the circle of the asterisms. In a caturyuga 
they move a distance in yojanas equal to the circum- 
ference of the sky (Gkasakaksya) (cf. I, 4). 

1J RAS, 1865, p. 401. 


2 For discussion of the stanza see Fleet, ibid., 1911, pp. 489-90; 
ef. I, 2. 
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The planets really all move at the same speed. 
The nearer ones seem to move more rapidly than the 
more distant ones because their orbits are smaller. 


13. The Moon, being below, completes its small orbit in a 


icis rn. being above all the others 
short time. Sa turn, being above all the oth ners, completes its large 
arhit in a lane tima 2 
orbit in al ng ume.“ 
al atom a wale. T LA nIe-ÍIAV Gem. d: 1 
14. The : ai Sign (a twelfth of the circié) are to be 
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li D 
known as small in a small circle and large in a large circle. Like- 
wise the degrees and minutes are the same in number in the 
various orbits. 
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15. Beneath the asterisms are Saturn, Jupiter, Mars, the Sun, 
/ th thaan te tha aet 
Venus, Mercury, and the Moon, and beneath these is the Earth 
t a a lila hi chin -post. 4 


16. These seven lords of the hours, Saturn and the others, 
are in order swifter than the précedido one, and counting suc- 
cessively the fourth in the order of their Bs ilicis they become 
the Lords of the days from sunrise. 


They are called “swifter than the preceding” be- 
cause their orbits being successively smaller they 
complete their revolutions in less time (traverse a 
given number of degrees in less time). The order of 
the planets is Saturn, Jupiter, Mars, the Sun, Venus, 
Mercury, and the Moon. Therefore they become 
rulers of the days of the week as follows: 


1 Cf. Saryasiddhdnta, I, 27 and note; Brahmagupta, XXI, 12; 
Pafcasiddhantika, XIII, 39; Bhaskara, Golddhydya, Bhuvanakosa, 
69; JRAS, 1911, p. 112. 


? Cf. JRAS, 1863, p. 375; Süryasiddhünta, XII, 76-77; Paficasi- 


ddhàniikà, XIII, 41; Brahmagupta, XXI, 14; Bhattotpala, p. 45. 

3 Cf. JE AS, 1863, p. 375; Paficasiddhantika, XIII, 40; Süryasi- 
ddhānta, XII, 75; Brahmagupta, XXI, 14; Bhattotpala, p. 45. 

* C. JEAS, 1863, p. 375; Paficasiddhàntika, XIII, 39; Lalla, 
Madhyamadhikara, 12; Brahmagupta, XXI, 2; Bhattotpala, p. 44. 
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Saturday—Saturn Wednesdav—Mercury 
Sunday—Sun Thursday—Jupiter 
Monday—Moon Friday—Venus 


Tuesday—Mars 


For the first part see Brahmagupta, XXI, 13; 
Süryasiddhàünta, XII, 78. 
Bhau Daj? first pointed out t 


nrst it 
stanza made by Brahmagupta (XI, 12): 
süryadaya$ eaturth& dinavürà yad uvaca tad asad dryabhatah| 
lankodaye yato 'rkasyástamayam praha siddhapure. i| 

As Sudhakara shows, the criticism is a futile one. 


17. All the planets move by their (mean) motion on their 
orbits and their eccentric circles from the apsis eastward and 
from the conjunction westward.? 


e cT 


h 
LI, 1 


The mean planet moves with its mean motion on 
its orbit the center of which is the center of the Earth. 
The true planet moves with its (mean) motion on an 
eccentric circle the center of which does not coincide 
with the center of the Earth. 

Kaksyà in this passage stands for kaksyámandala, 
the orbit on which the mean Disnet moves. The pra- 
tumandala is the eccentric circle on which the true 
planet moves. Because of the eccentricity of this 
second circle the planet is sometimes seen ahead of 
and sometimes back of its mean place.* 


1 See Barth (Œuvres, III, 151) concerning this as the only refer- 
ence to astrology in Aryabhata’ s treatise. The reference to vyatīpãta 
(III, 5) should be added. 


? JRAS, 1865, p. 401. 

3 See Lalla, Chedyaküdhiküra, 12-13; Brahmagupta, XIV, 11 and 
XXI, 24. 

t See Brennand, Hindu Astronomy, pp. 224 ff.; Süryasiddhànta, 
p. 64 
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18. The eccentric circle of each planet is equal to its kaksyd- 
mandala [the orbit on which the mean planet moves]. The center 
of the eccentric circle is outside the center of the solid Earth. 


The kaksyámandala is determined by I, 4. 


19. The distance between the center ora the Earth and the 
r SON ENS CER UNES MENFES NS evo. i, mr 
center of the eccentric circle is equal to the radius of the epicycle. 
The planets move with their mean motions on their epicycles.? 


Brahmagupta, XI, 52, has 


nicoccavrttamadhyasya golabahyena nàma krtam uccam | 
tatstho na bhavati ueco yatas tato vetti noceam api. || 


If this really refers to Aryabhata the criticism is futile 
since Aryabhata does not call the center of the epi- 
cycle ucca. As Caturvedacarya says, vdgbalam etat. 


20. The planet in its swift motion from its ucca has a pra- 
tiloma motion on its epicycle. In its slow motion from its ucca it 


Anna uloma mnt? mn AN itc Fat at — 


uoma mouon On iis ve ppgiUytvv. 


The exact meaning of this is not clear to me. It 
can hardly mean that the planet moves on its epicycle 
pratiloma from its $ighrocca and anuloma from its 
mandocca. On the epicycle of the apsis the motion 
should be exactly the reverse of these.? 

Anuloma means ''eastward" or ahead" ; Pratiloma 
means “westward” or “behind.” 

Parame$vara remarks that anuloma and pratiloma 
refer to the planet’s position with reference to the 
mean planet as ahead of it or behind it. He also re- 
marks that the planet is sighragati in the six signs 

! Cf. Lalla, Chedyakddhikara, 8-9; Brahmagupta, XIV, 10 and 
XXI, 24-26. 


2 Bee Brahmagupta, X XI, 25-26 and Sdryasiddhania, pp. 63-64, 
67-68. 
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which are above, and mandagati in the six signs which 
are below the ucca. When pratiloma the true planet 
is below the mean planet. When anuloma the true 
planet is above the mean planet.! 


P b besos al-alzeZ« a -vueds-weeam-uexmiosaumnlm mM aM gmt E, 

madhyamakakRsaávrtte madhyamaya gacchati graho gatyā | 
AnsicthE4 RellanhkhexAo6adadhibaeetez 4e adhahsthah seems (|| 
upalrisulau vailazitv ya vauaullis&azatyvya vv auiikdisuliait Syal. ij 


Paramesvara sums up the content of the stanza with 
madhyamài sphutasya pratilomanulomagatitram uktam. 
The meaning o of the stanza seems to be that during 


its epicycle the planet is 
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21. The epicycles move eastward from the apsis and west- 
ward from the conjunctions. The mean planet, situated on its 
orbit, appears at the center of its epicycle.? 


'The next three stanzas state briefly the method of 
caleulating the true places of the planets from their 
mean places. 

Paramesvara explains the method as follows: 

For the Sun and Moon only one process of cor- 
rection is required, that for the apsis. 

For Mars, Jupiter, and Saturn four processes are 
necessary: (1) From the mean place the mandaphala 
is ealeulated and (half of it is) applied to the mean 
place. (2) From this corrected place the sighraphala 
is calculated and half of it is applied to the corrected 
place. (3) From this result the mandaphala is again 
ealculated and applied to the mean place. (4) From 
this result the sighraphala is again calculated and 
applied to the place obtained in the third process. 


1 Cf. Lalla, Bhuvanakosga, 38. 2 Cf. Brahmagupta, XXI, 25. 
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For Venus and Mercury three processes are nec- 
essary: (1) From the mean place the sighraphala is 
calculated and half of it is applied vyastam (in reverse 
order) to the mandocca E (2) This corrected 
m tne ick piace, the 
this and applied to the 
mean place. (3) is corrected place the sighra- 
phala is AE yer applied to the place obtained 


in the second process. 
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junctions are just the reverse. 

In the ease of Saturn, Jupiter, and Mars in the first process 
half of the mandaphala obtained from the apsis is minus and plus 
to the mean planet. Half (the correction) from the conjunction is 
minus and plus to the manda planets. (By applying the correc- 
tion) from the apsis they become sphufamadhya. (By applying 
the correction) from the conjunction they become sphuta. 

24. Half (the correction) from the conjunction is to be ap- 
plied minus and plus to the apsis. (By applying the correction) 
from the manda [apsis] thus obtained Venus and Mercury become 
sphutamadhya. They become sphuta (by applying the correction 
from the conjunction). 


Tha Guat half Af atanena 990 Bia nera l rule as 
to whether the M N of eae and of com- 
mutation (mandaphala and Ssighraphala) are to be 
added or subtracted in each of the four quadrants. 


The equation from the apsis is minus in the half of 
the orbit beginning with Mesa. plus in the half of the 


MVOMM MSN AU = | AURA AV PENMAN LLL ULLO LLCULL UL UVALU 


orbit beginning with Tula. The equation from the 
conjunction is plus in the half of the orbit beginning 
with Mesa, minus in the half of the orbit beginning 
with Tula. 
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The planet is called manda after the first correc- 
tion from the apsis has been applied to the mean 
place. Sphuía means “true.” 

In stanza 24 Paramesvara gives no explanation of 


the two last words. sphutau bhavatah. It would be 
A V i y ogivcovtLto YIU Qr. AU YUULU 

aa n anal tA talea th ana TNE P ac cCA3 33^ 

natura: tO vare nese Woras as summing up what 


precedes and to understand that only two processes 
are involved. But Parame$vara's detailed description 
of the process in his commentary to stanza 21 indi- 


cates that three processes are involved, that sphutau 
bhavatah indicates a further application of the egua- 


HR CML e ES Ser Se oner appicauon oi the equa- 
tion from the conjunction. The commentary to 
stanza 24 gives in detail the process of calculating the 
equations for apsis and conjunction.! 

Brahmagupta (II, 19, 33, 46-47) criticizes Arya- 
bhata for the inaccuracy of his method of calculating 
the true places. 

25. The product of its hy potenuses divided by the radius will 
give the distance between the planet and the Earth. 

The planet has the same speed on its epicycle that it has on 
its orbit. 


Parames$vara explains that the karnas referred to 
are the S&ighrakarna and the mandakarna employed 
in the last and the next to the last processes for 
caleulating the true places of the planets. 

The second half of the stanza is uncertain. This 
same statement was made in unmistakable terms in 

1 See Paficasiddhdntika, XVII, 4-10; Suryasiddhanta, 1T, 43—45; 
Brahmagupta, II, 3440; Lalla, Spastüdhiküra, 31-36; Bháskara, 
Ganitüdhyáya, Spastédhikdra, 34-86 and Golddhydya, Chedyakà- 
dhikara, 10 ff.; JRAS, 1863, pp. 353-59; Brennand, op. cit., pp. 214- 
28; Kaye, Hindu Astronomy, pp. 87-89. 
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III, 19. Paramesvara quotes the author of the earlier 
Prakasika, bhutéragrahavwaravydsardhaviracitayam 
kaksyayam yo grahasya javas sa mandanicocce bhavati. 
tavatpramanayam kaksyayam graho mandasphutagatya 
gacchatity arthah. ity aha. asmān kim tv etan nopa- 
pannam iti pratibhat. Then he explains that the 
meaning may be that the radius of the epicycle is 
equal to the greatest distance by which the mean 
orbit lies inside or outside of the eccentric circle. 

Grahavegah is reminiscent of grahajavah in I, 4, 
but the meaning can hardly be the same. 

Karna (“hypotenuse”) is the distance between the 
center of the Earth and the planet.! 
! Cf. Brahmagupta, XXI, 31; Bhaskara, Ganilddhyadya, Candra- 


grahandüdhiküra, 4—5; Süryasiddhünta, p. 69. 


CHAPTER IV 
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1. From the beginning of Mesa to the end of Kanyà is the 
northern half of the ecliptic. The other half from the beginning 
of Taulya to the end of Mina is the southern half of the ecliptic. 
Both deviate equally from the PUE 


signs in each half are equal to the REO of the 
last three signs taken in reverse order.! 


SIgns e 
2. The Sun, the nodes of the planets, and the node of the 
Moon move constantly along the ecliptic. The shadow of the 


Earth moves along the ecliptic at a distance of 180 degrees from 
the Sun. 


Bhàu DE first pointed out the reference to this 


zaia na kraami 3 


passage made by Brahmagupta, Al, 0. 

Barth* questions the stanza, but without good 
reason. 

3. The Moon, from its nodes, moves northward and south- 
ward of the ecliptic. Likewise Jupiter, Mars, and Saturn. Venus 
and Mercury do the same from their conjunctions.’ 

4. When the Moon has no declination it is visible when 12 
degrees from the Sun. Venus when 9 degrees. The other planets 


1Cf. JRAS, 1863, p. 374; Bhattotpala, p. 45. 
2 JRAS, 1865, p. 401. 
s Cf. I, 7 and note; Brahmagupta, XXI, 53; Suryasiddhanta, 
IV, 6. 
t Œuvres, ITI, 154. 
5 Cf. Süryasiddhanta, I, 68-69 and Aryabhatiya, I, 6. 
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in succession according to their decreasing sizes when at 9 
degrees increased by two’s. 


Compare Brahmagupta, VI, 6; Suryasiddhanta, 
6-9 and d 1; Paficasiddhantika, VII, 12 and 


rit 
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piens àdad dre ganitailkyai svakalàmsaib. || 


9. Half of the spheres of the Earth, the planets, and the 
asterisms is darkened by their shadows, and half, being turned 
toward the Sun, is light (being small or large) according to their 
size.? 

6. The sphere of the Earth, being quite round, situated in the 
center of space, in the middle of the circle of asterisms, surrounded 
by the orbits of the planets, consists of water, earth, fire, and air.3 

7. Just as a ball formed by a Kadamba flower is surrounded 
on all sides by blossoms just so the Earth is surrounded on all 
sides by all creatures terrestrial and aquatic.4 

8. During a day of Brahman the sphere of the Earth increases 
a yojana in size all around. During a night of Brahman, which is 
equal in length to a day of Brahman, there is a decrease by the 
same amount of the Earth which has been increased by Earth.’ 

9. As a man in a boat going forward sees a stationary object 
moving backward just so at Lañkā a man sees the stationary 
asterisms moving backward (westward) in a straight line. 

The natural interpretation of this stanza seems 

1 JRAS, 1865, p. 401. 

? Cf. Lalla, Madhyagativásana, 40-41; Bhattotpala, p. 100; Pañ- 
casiddhantika, XIII, 35, for the Moon. 

3 Cf. III, 15. Cf. Lalla, Bhigoladhyaya, Ls  Paficasiddhantiha, 


XIII, 1; Bhattotpala, p. 98 (and see JAAS, 1863, pp. 378-74); 


Alberuni, I, 268. 


‘Cf. Lalla, Bhügolüdhyàya, 6; Bhattotpala, p. 58 (and see JRAS, 
1863, pp. 373-14); Bhàskara, Goladhyaya, Bhuvanakoéa, 3. 


‘Cf. Lalla, Grahabhramasamsthddhydya, 20; Bhaskara, Gola- 
dhyàya, Bhuvanako&a, 62. 
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to be that an observer at the Equator of the Earth, 
which .rotates toward the East, sees the stationary 
celestial objects as though moving westward. But 
Paramegsvara explains that whereas the Earth does 
ears to move toward the east 
d movement of the asterisms. 
he words anuloma and viloma, 
which seculi mean “ahead,” “eastward,” ünd 
“backward,” “westward,” in exactly the opposite 
senses. He explains that persons on the asterisms, 
which move toward the west, would seem to see sta- 


tHinanam ahiaate an tha Barth mariny 
UAW LIAL y ws M OU UN JLL ULL CGIACUL ULL AL V1 P ind an) 


Barth! points out, this explanation is quite unac- 
ceptable. It seems that Paramesvara completely mis- 
represents the opinion of Aryabhata, as clearly stated 
in several places in the text, and as described by 
Brahmagupta and other critics of Aryabhata. 

There is nothing to indicate that this stanza repre- 
sents a state of affairs caused by mithyàgfiana (“false 
knowledge). 

Bhattotpala (pp. 58-59) quotes this stanza and 
then refutes it by quoting the Paficasiddhüntikà, 
XIII, 6-8, Pauliéa, Brahmagupta, and strangely 
enough Aryabhata himself (the following stanza, IV, 
10). It is curious that Aryabhata should be quoted 
against himself, and that Bhattotpala should not 
indicate clearly which view really represents Árya- 
bhata’s own opinion. It looks as though Bhattotpala 
regarded the first stanza as containing a pürvapaksa 
or erroneous view.’ 


1 Op. cit., III, 158 n. 2 Cf. J RAS, 1863, pp. 375-77. 
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For criticisms of the rotation of the Earth see 
Alberuni (I, 276-77, 280); Lalla, Mithyajfiüna- 
dhyáya, 42-43; Sripati as reported in the Lucknow 
edition of Bhaskara’s Golddhydya, page 83; see also 


lahrank PF A 

ENAT db WA ye = + ta Maece edere i P" WEA WS 
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bhapafijarah sthiro bhür evávrty&vrtya pratidaivasikau | 
i cad dM i MN {| 


page 1134 pane the foregoing stanza and remark: 
that according to Aryabhata the planets move toward 


the east, the asterisms are stationary, and the Harth 
rotates eastward. 

10. The cause of their rising and setting is due to the fact 
that the circle of the asterisms, together with the planets, driven 
by the proveetor wind, constantly moves straight westward at 
Lankà.* 

Bhattotpala (p. 59) quotes this stanza to disprove 
the preceding stanza which he quoted on page 58 (cf. 
JRAS, 18683, p. 377).® 

The Mariei (p. 43) to Bhaskara’s Grahagania’ 
quotes this stanza. 

1 Op. cit., III, 158. 2 Essays, II, 392. 

3 See JRAS, 1865, pp. 403-4; IHQ, I, 666 (the words given as a 
direct quotation from Aryabhata are incorrect); BCMS, XVII (1926), 
175. The author of the last article remarks that it is not clear 
whether Aryabhata had in mind the geocentric or the heliocentric 


motion of the Earth. The latter is out of the question. Cf. III, 15, 
bhimir medhibhüta khamadhyasthd, and IV, 6, khamadhyagatah. 


4 Pandit, Vol. XXXI. 
5 Of. Sdryasiddhanta, II, 3: Lalla, Madhyamadhikéra, 12. 
8 See Barth, op. cit., ITI, 158. 7 Pandit, Vol. XXX. 
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The Vdasandvarttika to Bhaskara’s Grahaganita (p. 


118)! quotes this stanza epee without seeing in 
it anything contradictory to the preceding stanza 
which was quoted on page 113, and with the remark - 
that Aryabhata is here following the opinion of 
Vrddhavasistha. 


Tf tha roaninac nf niin fovt ara anrrant at qa rli awit 
AL ULE SUOMI YE VUL UY MA WL LOY LU Lo UU ULE 


to see how the two stanzas can be brought into agree- 
ment. The ninth stanza states unequivocally that 
the asterisms are stationary and implies the rotation 
of the Earth. The tenth stanza seems to state that the 
asterisms, together with the planets, are driven by 
the provector wind. This would imply the ordinary 
point of view of most Indian astronomers that the 
Earth was stationary. Paramesvara avoids the diffi- 
culty by assuming that stanza 9 describes a state of 
mind brought about by mithyajnüna ("false knowl- 
edge"). But since several other stanzas (I, 1; I, 4; 
III, 5; IV, 48) and the testimony of later writers who 
quote Aryabhata prove that Aryabhata believed in 
the rotation of the Earth, it is impossible to follow 
Paramesvara. We might understand in stanza 10 the 
phrase ‘‘they seem to move" as stating a pürvapaksa 
(the erroneous view), but in the absence of any word 
to suggest this interpretation it is a doubtful expedi- 
ent. Stanza 10 cannot be regarded as an interpolation 
(unless one stanza has been dropped out in order to 
make room for it) because the last three sections of 
Aryabhata's work were known to Brahmagupta as 
“The Hundred and Eight Stanzas" (and our text con- 
tains 108 stanzas). 
1 Jbid., Vol. XXXI. 
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1i. In the center of the Nandana forest is Mount Meru, a 
yojana in measure (diameter and height), shining, surrounded by 
the Himavat Mountains, made of jewels, quite round.! 

12. Heaven and Meru are at the center of the land, Hell and 
Vadavümukha are at the center of the water. The gods and the 
dwellers in Hell both think constantly that the others are beneath 
them.? 

Quoted by Bhattotpala, page 58.3 


13. Sunrise at Lanka is sunset at Siddhapura, midday at 
Yavakoti, and midnight at Romaka.‘ 


Brahmagupta’s criticism (XI, 12) 
süry&dayas$ caturthà dinavàr& yad uvàca tad asad &ryabhata 
lankodaye yato 'rkasyástamayam praha siddhapure || 


is Incorrect, as pointed out by Sudhaikara in his com- 
mentary. 


14. Lañkā is 90 degrees from the centers of the lan 
water [north and south poles]. Ujjain is straight north of 
by 223 degrees.® 


15. From a level place half of the sphere of the asterisms 


1Of. I, 5. Cf. also Süryasiddhànta, XII, 34; Lalla, Bhuvanakosa, 


18-19; Bhaskara, gota, Bhuvanako$sa, 31; Alberuni (I, 244, 
246). Quoted by Bhattotpala, p. 58 (ef. TRAS 1983 p. 373). 
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Goladhyàya, Bhuvanakosa, 17-20, 

3 Cf. JRAS, 1863, p. 373. 

* Cf. Kern, Brhat Samhita, Preface, p. 57; Süryasiddhünta, XII, 
38-41; Paficasiddhàntika, XV, 23; Lalla, Bhügolüdhyüya, 12; Bhis- 
kara, Goladhyaya, Bhuvanako$a, 17, 44; Alberuni I, 267-68; JRAS, 
1865, p. 402. 

5 Cf. Süryasiddhünia, I, 62; Paficasiddhántika, XIII, 17; Lalla, 
Madhyamadhikara, 55, and Bhwvanakoáa, 41; Brahmagupta, XXI, 
9; Bhiskara, Goladhyaya, Bhuvanako$a, 50 (Vāsanābhāşya), and 
Madhyagati, 24; Alberuni, I, 316 (cf. BCMS, XVII [1926], 71). 
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decreased by the radius of the Earth is visible. The other half, 
plus the radius of the Earth, is cut off by the Earth. 

16. The gods, who dwell in the north on Meru, see the 
northern half of the sphere of the asterisms moving from left to 
right. The Pretas, who dwell in the south at Vadav&mukha, see 
the southern half of the sphere of the asterisms moving from 
right to left.? 

Quoted by Bhattotpala, page 324.? 


17. The gods and the Pretas see the Sun after it has risen for 
half a solar year. The Fathers who dwell in the Moon see it for 
half a lunar month. Here men see it for half a natural [civil] day.‘ 


Pg ge ee lee oe DM EE 


Referred to by Alberuni, I, 330. 


18. There is a circle east and west (the prime vertical) and 
another north and south (the meridian) both passing through 
zenith and nadir. There is a horizontal circle, the horizon, on 
which the heavenly bodies rise and set. 

19. The circle which intersects the east and west points and 
two points on the meridian which are above and below the horizon 
by the amount of the observer’s latitude is called the unmandala. 
On it the increase and decrease of day and night are measured. 


The unmandala is the east and west hour-circle 
which passes through the poles. It is also called “the 


- ??8 


horizon of Lanka. 


1 Cf. Lalla, Bhuvanakośa, 36; Brahmagupta, XXI, 64; Bhaskara, 
Goladhyadya, Tripraénavasana, 38. 

2Cf. Sdryasiddhanta, XII, 55; Paficasiddhadntikad, XIII, 9; 
Brahmagupta, XXI, 6-7; Lalla, Grahabhramasamsthadhyàya, 3-5; 
Bhàskara, Golàdhyaya, Bhuvanakoéa, 51. 

s Cf. JRAS, 1868, p. 378. 

* Cf. Süryasiddhànta, XII, 74 and XIV, 14; Lalla, Grahabhra- 
masamsthadyaya, 14; Brahmagupta, XXI, 8; Paficasiddhantiké, 
XIIT, 27, 38. 

5 Cf. Lalla, Golabandhadhikara, 1-2; Brahmagupta, XXI, 49. 

6 Cf. Lalla, Golabandhadhiküra, 3; Brahmagupta, XXI, 50. 
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20. The east and west line and the north and south line and 
the perpendicular from zenith to nadir intersect in the place where 
the observer is. l 

21. The vertical circle which passes through the place where 
the observer is and the planet is the drimandala. There is also 
the drkksepamandala which passes through the nonagesimal 
point.! 

The nonagesimal or central-ecliptic point is the 
point on the ecliptic which is 90 degrees from the | 
point of the ecliptic which is on the horizon. 

These two cireles are used in calculating the 
parallax in longitude in eclipses. 

22. A light wooden sphere should be made, round, and of 
equal weight in every part. By ingenuity one should cause it to 


revolve so as to keep pace with the progress of time by means of 
quicksilver, oil, or water.? 


Sukumar Ranjan Das? remarks that two instru- 
ments are named in this stanza (the gola and the 
cakra). I can see no reference to the cakra. 

23. On the visible half of the sphere one should depict half 
of the sphere of the asterisms by means of sines. 


The equinoctial sine is the sine of latitude. The sine of co- 
latitude is its kott. 


The sine of the distance between the Sun and the 
zenith at midday of the equinoctial day is the equi- 
noctial sine. This is the same as the equinoctial 
shadow and equals the sine of latitude. It is the base. 


1 Cf. Süryasiddhünia, V, 6—7 n.; Kaye, Hindu Astronomy, p. 76. 

2 Cf. Süryasiddhànta, XIII, 3 ff.; Lalla, Yantradhyaya, 1 &.; IHQ, 
IV, 265 ff. 

$ THQ, IV, 259, 262. 
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The sine of co-latitude is the koti (the side perpen- 
diculat to the base) or sanku (gnomon).? 
24. Subtract the square of the sine of the given declination 


from the square of the radius. The square root of the remainder 
will be the radius of the day-circle north or south of the Equator. 


The day-circle is the diurnal circle of revolution 
described by a planet at any given declination from 
the Equator. So these day-circles are small circles 
parallel to the Equator.’ ; 


ti 
and divide iu ay-cire 
the zodiac. The secuit will be the equivalent 1 
the desired sign beginning with Mesa. 


To determine the right ascension of the signs of 
the zodiac, that is to say, the time which each sign 
of the ecliptie will take to rise above the horizon at 
the Equator.? 

26. The sine of latitude multiplied by the sine of the given 
declination and divided by the sine of co-latitude is the earth- 
sine, which, being situated in the plane of one's day-circle, is the 
sine of the increase of day and night. 

The earth-sine is the distance in the plane of the 
day-circle between the observer's horizon and the 

1 Cf. Brahmagupta, III, 7-8; Lalla, Sdmanyagolabandha, 9-10; 
Bhàskara, Ganitadhyaya, Tripraśnādhikāra, 12-13. 

2 Cf. Lalla, Spastadhikara, 18; Paficasiddhantika, IV, 23; Sürya- 
siddhanta, II, 60; Brahmagupta, II, 56; Bhaskara, Ganitadhyaya, 
Spastadhikara, 48 (Vasanabhadsya); Kaye, op. cit., p. 73. 

s Cf. Lalla, Triprasnadhikdra, 8; Brahmagupta, II, 57-58; 
Suryasiddhanta, YII, 42-43 and note; Paficasiddhantikd, IV, 29-30; 
Bhaskara, Ganitddhyaya, Spastadhikara, 57; Kaye, op. cit., pp. 79-80. 
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horizon of Lanka (the unmandala). When trans- 
formed to the plane of a great circle it becomes the 
ascensional difference.! 

27. The first and fourth quadrants of the ecliptic rise in a 
quarter of a day (15 ghatikas) minus the ascensional difference, 
The second and third quadrants rise in a quarter of a day plus 
the ascensional difference, with regular increase and decrease. 


The last phrase means that the values for signs 
1, 2, 3 are equal, respectively, to those of signs 6, 5, 4 
and that the values of 7, 8, 9 are equal, respectively, 
to those of 12, 11, 10. They increase in the first 
quadrant, decrease in the second, increase in the 
third, and decrease in the fourth. There are, there- 
fore, only three numerical values involved, those cal- 
culated for the first three signs. See the table given in 
Stryasiddhdnta, III, 42-45 n.? 

28. The sine of the Sun at any given point from the horizon 
on its day-circle multiplied by the sine of co-latitude and divided 


by the radius is the $anku when any given part of the day has 
elapsed or remains. 


The sanku is the sine of the altitude of the Sun at 
any time on the vertical circle from the zenith pas- 
sing through the Sun. Cf. Brahmagupta, XXI, 63, 
drgmandale natams$ajyà drgjyà sankur unnatümsajyà, 


1 Cf. Süryasiddhünia, II, 61—63; Lalla, Spastádhiküra, 17, and 
Sdmanyagolabandha, 4; Brahmagupta, II, 57-60; Paficasiddhantika, 
IV, 26 and note; Bhiskara, Ganitddhydya, Spastidhikdra, 48; Kaye, 
op. cit., p. 73. 

? Cf. Lalla, Madhyagativàsana, 15; Bhaskara, Gamitüdhyaya, 
Spasiddhikara, 65 (Vasanabhasya) who names Aryabhata in connec- 
tion with this rule. 
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and Bhàskara, Golddhydya, Triprasnavasand, 36, 
$ankur unnatalavajyaka bhavet.} 

Paramesvara remarks: wuttaragole gatagantavyd- 
subhyas caradalastin msodhya jivàm üdàya svühorá- 
trürdhena nihatya n wyaya vibhajya labdhe bhujyam 

25 zi 


praksipet. sé ksitujad utpanna svahoràatresiajyà bhavati. 
This corresponds to the so-called cheda of Brahma- 


gupta. 


29. Multiply the given sine of altitude of the Sun by the sine 
of latitude (the equinoctial sine) and divide by the sine of co- 
latitude. The result will be the base of the sanku of the Sun south 
of the rising and setting line 


Sankvagra is the same as sankutala (“the base of 
the sankw’’) and denotes the distance of the base of 
the sanku from the rising and setting line.? 

30. The sine of the greatest declination multiplied by the 


given base-sine of the.Sun and divided by the sine of co-latitude 
is the Sun's agrà on the east and west horizons. 


The agrā is the Sun’s amplitude or the sine of the 
degrees of difference between the day-circle and the 
east and west points on the horizon.’ 

The proportions employed are those given in 
Süryasiddhàünta, V, 3 n. 

1 Of. Süryasiddhünta, III, 35-39 and note; Brahmagupta, IH, 
25-26; BCMS, XVIII (1927), 25. 

2 Cf. Brahmagupta, III, 65 and XXI, 63; Bhüskara, Goladhyaya, 
Tripragnavdsand, 40—42 (and Vasanabhasya) and Ganitadhyaya, Tri- 
praśnādhikära, 73 (and Vasanabhasya); Lalla, Triprasnadhikaüra, 49. 

3 See Süryasiddhanta, III, 7 n.; Brahmagupta, XXI, 61; Bhas- 
kara, Goladhyaya, Triprasnavdsanda, 39 and Ganitadhyaya, Triprasna- 
dhikara, 17 (Vasanabhasya). 
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31. The measure of the Sun’s amplitude north of the Equator 
[i.e., when the Sun is in the Northern hemisphere], if less than the 
sine of latitude, multiplied by the sine of co-latitude and divided 
by the sine of latitude gives the sine of the altitude of the Sun 
on the prime vertical.? 


Bhàu Daji? first pointed out that Brahmagupta 
(XI, 22) contains a criticism of stanzas 30-31. 
uttaragole 'gr&yàr visuvajjyaito yad uktam ünàyàm | 
samamandalagas tad asat krantijyàyàm yato bhavati || 
Paramesvara remarks: v?swvajjyona cel. visuvaj- 
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jyonayü krüntyà sddhiia ced ity arthah. visuvaj- 
jyonakràntisiddhà sodaggatarkagra. 


32. The sine of the degrees by which the Sun at midday has 
risen above the horizon will be the sine of altitude of the Sun at 
midday. The sine of the degrees by which the Sun is below the 
zenith at midday will be the midday shadow. 

33. Multiply the meridian-sine by the orient-sine and divide 
by the radius. The square root of the difference between the 
squares of this result and of the meridian-sine will be the sine of 
the ecliptic zenith-distance. 


The madhyajyà or *meridian-sine" is the sine of 
the zenith-distance i the meridian ecliptie point. 


ISL. a A r (E ow B PAAA tA 7 Sm ET E pe 33 4l i-um wt 
LOC udayajya Ui “or LOL bes Lic is une sine Oi the 


amplitude of that point of the ecliptic which is on 
the horizon. 

The sine of the ecliptie zenith-distance of that 
point of the ecliptic which has the greatest altitude 
(nonagesimal point) is called the drkksepajyàa.? 

1Of. Süryasiddhünia, III, 25-26 n.; Brahmagupta, III, 52; 
Paficasiddhantika, IV, 32-3, 35 n. 

? JR AS, 1865, p. 402. 

3 Cf. Süryasiddhánta, V, 4-6; Paficasiddhantika, IX, 19-20 and 
note; Lalla, Suüryagrahanüdhiküra, 5-6; Kaye, op. cit., pp. 76-77; 
BCMS, XIX (1928), 36. _ 
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Brahmagupta (XI, 29-30) criticizes this stanza as 
follows: 
vitribhalagne drkksepamandalarh tadapamandalayutau jyà | 
madhya drkksepajya naryabhatoktanaya tulya || 
drkksepajyato 'sat tannáéád avanater nāśah | 
avanatinasad grasasyonadhikata keri il 


34. The square root of the difference of the s squares X is 


the sine of the ecliptic-altitude. aq 2. ye A 7 ^ A 
kuvasat ksitije svà drk ehàya bhüvyasardham nabhomadhyat. 
The sine of the altitude of the nonagesimal point 
of the ecliptic is called the drggatijyā. 
Drk is equivalent to drgjyà the sine of the zenith- 
distance of any planet.! 
This stanza is criticized, by Brahmagupta (XI, 
27): GM asséo/ $6925 
drkksepajya bahur drgjyà Karno 'nayoh krtivisesat | 
mülam drgnatijiva sarhsthanam ayuktam etad api. || 
The construction of the second part of the stanza 
and the exact meaning of drk and cháya are not clear 
to me. It seems to mean that when the sine of the 


zenith-distance is equal t to the radius the greatest 
3x -— oW — ches meli 
parallax (horizontal parallax) is equal to the radius 


of the Earth. Kuvasat p beeause of the Earth") 
seems to indicate that parallax is due to the fact 
that we are situated on its surface and not at its 
center, and that parallax, therefore, is the difference 


between the positions of an object as seen from the 


center and from the surface of the Earth. 


1Cf. Sdryasiddhania, V, 6; Lalla, Süryagrahana, 6; Paficasi- 
ddhàntikà, IX, 21 and p. 60; Bhaskara, Ganitddhyaya, Süryagrahana, 
II, 5-6 (and Vdsandbhasya); BCMS, XIX (1928), 36-37. 
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Paramesvara’s explanation is as follows: 

Drgbhedahetubhütà svacchaya drgjyà và svadrggatijyà và 
drkksepajyà vety arthah. s& yadi ksitije bhavati nabhomadhyat 
ksitijanta bhavati vy&sàrdhatulyà bhavatity arthas tada 
kuvaśād bhümivaéàn nispanno drgbhedo vydsardham bhavati 
bhivyasardhatulyam drgbhedayojanam ity arthah. antardale 
'"nupatàt kalpyam. 

Sukumar Ranjan Das! states that there is no 
reference to parallax in Aryabhata. If Parame$vara is 
correct in interpreting the second part of the rule as 
giving yojanas of drgbheda (parallax), we must ascribe 
to Aryabhata the knowledge of parallax, even though 
no rules are given for its calculation at intermediate 
points. It is hard to see what else the “radius of the 
Earth" can refer to when given immediately after 
rules for finding the drkksepajyà and the drggati- 
jyà (cf. Brahmagupta, XXI, 64-65, and Bháskara, 
Golddhyaya, Grahanavasand, 11-17), especially since 
parallax was well known to the old Stryasiddhdnta 
which antedated Aryabhata.? 

It seems to me that the passage is probably to be 
interpreted in the light of Brahmagupta, X XI, 64-65: 

dréyadrsyarh drggolàrdharh bhüvyasadalavihinayutam | 

drastà bhügolopari yatas tato lambanàavanati || 

ksitije bhidalaliptah kaks&yam drinatir nabhomadhyat | 

avanatiliptà yamyottara ravigrahavad anyatra. || 

85. The sine of latitude multiplied by the sine of celestial 
latitude and divided by the sine of co-latitude 1s minus and plus 
to the Moon when it is north of the ecliptic depending on 


1 “Parallax in Hindu Astronomy,” BOMS, XIX (1928), 29-42. 


2 Of. Paficasiddhantika, p. 60. 
3 See also Lalla, Madhyagativasand, 23-28. 
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whether it is in the Eastern or Western hemisphere, plus and 
minus when it is south of the ecliptic under the same circum- 
stances. 


This stanza and the nex ive the calculation 
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will be referred by a secondary to the prime 
vertical. It has been called “operation for apparent 
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] rman) treated in the following stanza. 
The stanza is criticized by Brahmagupta (XI, 34): 


viksepagunaksajyà lambakabhaktā grahe dhanam rnam yat | 
uktam udayāstamayayor na pratighatikarh yatas tad asat. || 
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Brahmagupta, X, 18-14 gives a general criticism 
of Aryabhata’s drkkarman, followed by an exposition 
of his own method. 


36. Multiply the versed sine (of the Moon) by the celestial 
latitude and ps s. (greatest) declination, and divide by the 


souare the 


of n he raoilt 
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+ 
latitude is north or south, and plus or minus when it is in the 
southern ayana under the same conditions. 


Parameévara explains utkramanam by  kotyà 
utkramajya. 
The ayanas are the northern and southe 


et oll db MP kh WAAR US, 


of the Sun from solstice to solstice.? 


1 Cf. Süryasiddhünta, VII, 8-9 n.; Kaye, op. cit., pp. 78-79. 
2 Cf. Süryasiddhünia, VII, 10 n.; Lalla, Madhyagativasané, 
47-48. 
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Criticized by Brahmagupta (XI, 35): 

trijyakrtibhaktà vikgepipakramagunotkramajyendoh | 

ayanünte yad rnadhanam tat tasy&dau tato ’sat tat. || 

37. The Moon consists of water, the Sun of fire, the Earth 
of earth, and the Earth's shadow of darkness. The Moon ob- 
secures the Sun and the great shadow of the Earth obscures the 
Moon. 

Brahmagupta (XI, 9) remarks: 

aryabhato janati grahastagatim yad uktavàms tad asat | 

rahukrtam na grahanam tatpato nàgtamo rahuh. || 
There is no such statement in our text and Brahma- 


gupta himself (X XI, 43-48) ascribes eclipses to R&hu. 


38. When at the end of the true lunar month the Moon, being 
near the node, enters the Sun, or when at the end of the half- 
month the Moon enters the shadow of the Earth that is the 
middle of the eclipse which occurs sometimes before and some- 
times after the exact end of the lunar month or half-month. 


Paremesvara remarks, sphutasasimüsünle lamba- 
nasamskrte ’mavasydntakdle. He also takes the words 
adhikonam as meaning “middle of the eclipse which 
lasts for a longer or shorter time," but gives as an 
alternate explanation offered by some the foregoing 
translation.? 

39. Multiply the distance between the Earth and the Sun by 


the diameter of the Earth and divide by the difference between 
the diameters of the Earth and the Sun. The result will be the 


£A bh. Tx than du MAU ec D baa 
length of the shadow of the Earth (measured) ) irom ine aiameter 


of the Earth. 


1 Cf. Süryasiddhanta, IV, 9; Lalla, Madhyagativasana, 29, 34. l 
2 Cf. Süryasiddhānta, IV, 6, 16; Lalla, Candragrahana, 10; Albe- 
runi, II, 111. 
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The last clause seems to indicate that the measure- 
ment is to be reckoned from the center of the Earth.! 


40. The difference between the length of the Earth's shadow 
and the distance of the Moon from the Earth multiplied by the 


diameter of the Earth and adi imdad Ae tha lanath af tha Tanta 
CUaiBerer Ui vie ty GAM MEVIUE Wy LUG iCHStU OL the Carta s 
shadow is the diameter of the Farth’s shadow (in the arhit of the 
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41. Subtract the square of the celestial latitude of the Moon 
from the square of half the sum (of the diameters of the Sun and 
Moon or of the Moon and the Pd The square root of the 


remainder is je n as the sthityardha. From this the time js 
LALELA RANAN A xx DelotU yas Colo Ao LULL ULIS tli LILIT 15 
caleulated by ns of the daily motions of the Sun an Toon 
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The "ws is half of the time from first to 
last contaet.? 


42. Subtraet the radius of the Moon from the radius of the 
Earth's shadow. Subtract from the square of the remainder the 
square of the celestial latitude. 'The square root of this remainder 
will be the vimardārdha. 


The vimardàrdha denotes half of the time of total 
obseuration.* 


43. Subtraet the radius of the Moon from the radius of the 
Earth's shadow. Subtract this remainder from the celestial 
latitude. The remainder is the part of the Moon which is not 
eclipsed. 

44. Subtract the given time from half of the duration of the 
obscuration. Add this to the square of the celestial latitude. Take 


1 Cf. Brahmagupta, XXIII, 8. 
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? Cf. Brahmagupta, XXIII, 9. 
3 Cf. Paficasiddhantikd, VI, 3 and X, 25-3; Süryasiddhànta, IV, 
12-13; Brahmagupta, IV, 8. 
3 Of. Süryasiddhània, IV, 13; Paficasiddhàntika, X, 7; Brah- 
magupta, IV, 8. 
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the square root. Subtract this from half the sum of the diameters. 
The remainder will be the obscuration at the given time. 

The first sentence ought to be: ‘Subtract the 
koti of the given time from the koti of the sthityardha. 
Square this." 

45. The sine of the latitude multiplied by the sine of the 
hour-angle and divided by the radius is the deflection due to 
latitude. It is south. 

sthityardhac cirkendos trirásisahitàyanat sparée. 
he difficu 
commentary of ParameSvara see the Preface to 
Kern’s edition (pp. v-vi) with the references to 
Bhaskara. 

*Hour-angle" is expressed by madhyühnàt krama 

(gunitah). “Deflection due to latitude" seems to be 


+h 1 f Anda 
whe meaning oi ot. 


The first part deals with the Gksavalana or “‘deflec- 
tion due to latitude." According to Parame$vara, it 
is south in the Eastern and north in the Western 
hemisphere. The other books give just the opposite. 


Paramesvara remarks, etad aksavalanam sthitya- 


ar CMarks, CLAU GINSOGDGLQOTLOTI. SINAL 
fain ia me 
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Qu 


ucyate. 
| Parame$vara also remarks, ayanasabdendpakrama 
ucyate. trirdsisahitdd arkdc candrüc ca nispanno 
'pakramo ‘pi tayor arkendor valanam bhavatt. 
Paramesvara explains sparse as sparsa iti grahana 


ity evarthaiah. 
However the second part of the stanza is to be 
1Cfi. Süryasiddhànta, IV, 18-20; Pafcasiddhàntikà, X, 5-6; 
Brahmagupta, IV, 11-12. 
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translated it must deal with the so-called ayanavalana 

r "deflection due to the deviation of the ecliptic 
from the equator.” 

Both valanas (‘deflection 
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46. At the beginning of an eclipse the Moon is dhümra, when 
half obscured it is Argsna, when completely obscured it is kapila, 
at the middle of an eclipse it is krsnataémra.? 

47. When the Moon eclipses the Sun even though an eighth 
part of the Sun is covered this is is not precepti Pie because of the 
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Moon, and all the ace planets from the 
planets and the Moon.‘ 

49. By the grace of God the precious sunken jewel of true 

knowledge has been rescued by me, by means of the boat of my 


nam lenowleadea fram the nanan hinah nnneiete af trun and falon 
OWRD SNOW Use, IPON unc ocean Woicn COOSIStS Oi true ana raise 


knowledge.’ 

50. He who disparages this universally true science of 
astronomy, which formerly was revealed by Svayambhü, and is 
now described by me in this Aryabhatiya, loses his good deeds 
and his long life.® 

Read pratikuficuko. 

1 Cf. Brahmagupta, IV, 16-17 and XXI, 66; Lalla, Candragraha- 
nüdhiküra, 23, 25; Süryasiddhània, IV, 24-25: “From the position of 
the eclipsed body increased by three signs calculate the degrees of 
declination.” 


See Brennand, Hindu Asironomy, pp. 280-83; Kaye, Hindu 
Astronomy, pp. 77-78. 


2 Cf. Süryasiddhünta, VI, 23; Lalla, Candragrahanadhikara, 36; 
Brahmagupta, IV, 19. 

3 Cf. Süryasiddhanta, VI, 13. 

t Cf. BCMS, XII (1920-21), 183. 

5 Cf. ibid., p. 187. $ Cf. J EAS, 1911, p. 114. 
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Alberuni, 10, 14, 15, 53, 69 
Alphabet, letters of, used with 
numerical value, 2-9 
Altitude of Sun, sine of, 72, 73 
at midday, 74 
on prime vertical, 74 
Amplitude, of Sun, 73, 74 
Anomaly, equation of, 60 
Apparent longitude, 77 
Apsides of planets, epicycles, 18 


epicycle, 18 
revolutions, 9 
Apsis of Sun, epicycle, 18 
motion, 16-18, 52 
position, 16 
Area, any plane figure, 27 
circle, 27 
square, 21 
trapezium, 27 
triangle, 26 
Ascensional difference, 72 
Asterisms, 55, 56 
half-dark, half-light, 64 
revolutions, 52 
stationary, xiv, 64-67 
Asterisms, circle of, 55 
driven by provector wind, 66 
sixty times orbit of Sun, 13 
surrounds Earth as center, 64 
Asterisms, sphere of, half, de- 
picted on a sphere, 70 
half, minus radius of Earth 
visible to men, 68-69 


83 


nost important Sanskrit proper names] 


visible to Gods, half to 
Pretas, 69 


Balabhadra, 16 

Balls, pile of, with 
base, 37 

Base of éanku, 73 

Base of triangle, 26, 33, 70 

Base-sine of Sun, 73 

Bharata battle, 12 

Bhaskara, 14, 19, 27 n., 28, 53, 
66, 67, 73, 76, 80 

Bhattotpala, 65, 68, 69 

Brahmagupta, 2, 10, 11, 12, 13, 
14, 15, 17, 18, 55, 57, 58, 64, 
68, 74, 75, 70, 78 

Brahman, day of. See Day 
night of, 64 

Central ecliptic-point. See Non- 
agesimal point 

Chain, in indeterminate equa- 
tions, 43, 45-50 

Circle, area, 27 
ehord of one-sixth circumfer- 


ence, 27 —— 

construction, 30 

quadrant, in constructing 
sines, 28 

relation of circumference to 
diameter, 28 

Saras, 33 


sampütasaras, 34-35 
Civil day, 52, 69 


Co-latitude, sine of, 70 


73, 74, 76 
Commutation, equation of, 60 
Compass, 31 
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Conjunctions,: Earth and Sun, 
52, 81 
Moon and Sun, 52, 81 
Moon and planets, 81 
planets with one another 
number in a yuga, 51 
past and future, calculated 
from distance apart, 
41-42 
Conjunctions, o 
cycles, 18 
revolutions, 9 
Venus and Mercury cross 
ecliptic at, 63 
, defined 901 
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root, 24—26 


Day, 51 
civil, 52, 69 
sidereal, 52 
Day-circle, 71, 72 
radius, 71 
Day of Brahman, 12 
increase of Earth during, 64 
measurement of, 53 
part which has elapsed, 12 
Day-radius, 71 
Declination, 71 


Declination, greatest: of ecliptic, 
16 


day-radius, 71 
sine of 18, 11 


ELANI MES 


Deflection, in eclipses, 80-81 
Degrees, 13, 56 
Deviation, of ecliptic from Equa- 
tor, 
of Moon and planets from 
ecliptic, 16 
Diameter, of circle, relation to 


circumference, 28 


of Earth, Sinn. Moon, and 
planets, 15 


Earth, compared to round Ka- 
damba flower, 64 


conjunction with Sun, 2,8 
constitution, 64, 78 
diameter, 15 

half dark, half light, 64 
increase and decrease in size, 


IE 


64 
located in center of space, 56, 

64 
ute in a orüna 
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revolutions eastward, 9 
rotation, 9, 14, 65-66 
shadow. See Shadow 

simile of man moving in a 


boat, 64 
TAa 31 " 
Earth-sine, íi 
Waeth uad 439 
JAIarui-Wina, 16 
T'a nt anA acd. I^" Zum An Ta fara} 
AUS ALIU WoSu hour-circle, UJ 


Eccentric circle, equal in size to 
orbit, 58 
location of center, 58 
movement of planet on, 57 
Eclipses, 78-81 
causes and time, 78 
color of Moon, 81 
deflection, 80-81 
half-duration, 79 
middle, 78 
obscuration at given time, 
79-80 


of Sun not perceptible if less 
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81 
part of Moon not eclipsed, 79 
shadow of Earth, 78-79 
total obscuration, 79 
Ecliptie, deviates equally from 
Equator, 63 
deviation of Moon and plan- 
ets from, 16 


groatast dJaclaation 16 
S*tvoeuuny SAW VV AL Aa CU VELL AME 


northern and southern halves, 


quadrants, 72 

Sun, nodes of Moon and plan- 
ets, and shadow of Earth 
move along, 63 
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Alibi mle34 sin 
Ecliptic-altitude, pL 


Ecliptic-deviation, 7 
Ecliptic said canes: sine of, 
4,75 
Epicycles, dimensions, 18, 58 
mean planets at centers, 59 


movement of, 59 
planets on, 58, 59, 61 


number of revolutions, 51 
Equator, celestial, 63 
Equator, terrestrial. See Lanka 
Equinoctial shadow, 70 
Equinoctial sine, 70, 73 


Factors, problems relating to 
two, 38 

Fathers, dwell in Moon, 69 
see Sun for half a month, 69 
year of, 53 

Fractions, 40 


Gnomon, 31-33, 71 


Gods, dwell on Meru, 69 


see northern half of stellar 
sphere, 69 

see Sun for half a year, 69 

think dwellers in Hell are be- 
neath them, 68 

year of, 53 
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Hell, at center of ocean, 68 
Himavat Mountains, 68 
Horizon, 69 

Horizon of Lanka, 69, 72 
Horizontal, how determined, 30 
Hour-angle, 80 

Hypotenuse, of a planet, 61 


relation to side of right-angle 
triangle, 31, 33 


Indeterminate equations of first 
degree (kuttaka), xiv, 42-50 


Intercalary months, 52 
Interest, 38-39 
Inverse method, 40 


Jupiter. See Planets 
years of, 51 


Kusumapura, 21 


Lalla, 10, 14, 15, 18, 19, 59, 60 
Lanka (terrestrial Equator), 9 

04, 66, 68 

horizon of, 69, 72 

90 degrees from poles, 68 
Latitude, celestial, 76, 77, 79 


Latitude, sine of, 70, 71, 73,7 
0 
2 

Long letter, as measure of time, 

51 
Longitude, apparent, 77 
Lunar days, omitted, 53 
Lunar month, 52, 69 
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Manu, period of, 1 
Marici, 66 
Mars. See Planets 
Mean planet, 57, 58, 59, 60 
Mean motion, of planets, 57, 58 
Mercury. See Planets 
Meridian, 69 
Meridian-sine, 74 
Meru, at center of land, 68 


description, 68 
dimensions, 15, 68 
home of the gods, 68 


Midday shadow, 74 

Midnight school, 11 n. 

Minutes, 13, 56 

Month, 51 
intercalary, 52 
lunar, 52, 69 


Moon, calculated from conjunc- 
tion of Sun and Moon, 81 
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causes eclipse of Sun, 78 
crosses ecliptic at node, 63 
diameter, 15 
distance from Sun at which 
visible, 63 
eclipse. See Eclipses 
epicycle of apsis, 18 
greatest deviation from eclip- 
half dark, half light, 64 
home of the Fathers, 69 
Lord of Monday, 56-57 
made of water, 78 
nearest to Earth, 56 
dur moves along ecliptic, 63 
revo utions, 
of apsis, '9 
of node, 9 
true place, calcula 
Munisvara, xv 


Nandana forest, 68 


Night of Brahman, decrease of 
Earth during, 64 
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ecliptic, 63 
revolutions, 9 
Nodes of planets 
Jupiter, Mars, and Saturn 
cross ecliptic at nodes, 63 
move along ecliptic, 16-18, 63 
position of ascending nodes, 
16 
Nonagesimal point, 70 
altitude, 75 
zenith-distance, 74 
Numbers, classes of, enumerated 
by powers of ten, 21 


cr 
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Oblique ascension, equivalents 
in, of quadrants ‘of ecliptic, 72 
Omitted lunar days, 53 
Orbits, of planets, in yojanas, 13 
movement of planets on, 57 
eur ound Earth as center, 56, 
4 


Orient-sine, 74 


Paficasiddhantikà, 10, 12 n., 18, 
19, 64, 65 


Parallax, 75-76 
Eo oul, how determined, 


Perpendiculars, from intersection 
of diagonals of trapezium, 27 


Plane figure, area of any, 27 
TM 
I1 


nets, as lords of the days, 
56-57 


calculated from conjunctions 
with the Moon, 81 
conjunctions past and future 


palenlated fram dAletanna 
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apart, 41 
number i in a yuga, 51 
TOSS ecliptic at nodes or con- 
UA, 63 
diameters, 15 
distance from Earth at which 
visible, 63—64 
driven by provector wind, 66 
epicycles, 18, 51, 58-59, 61 
arces deviation from eclip- 


e, 16 
half dud half light, 64 
mean, 57, 58, 59, 60 
motion, 57, 58 
move with equal speed, 55 
movement of apsides, 16-18, 
on orbits a 
cles, 57 
nodes move along ecliptic, 63 
orbits of, in yojanas, 13 
periods 'of revolution differ 
because orbits differ in 
size, 56 
positions of apsides and as- 
cending nodes, 16 
relative position’ with refer- 
ence to Earth as center, 56 
revolutions, 9 
of conjunctions, 9 
time in which they traverse 
distance equal to circle of 
asterisms and of sky, 55 
true distance from Earth, 61 
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nalmaslads-- a 
calculation of, 


59-6 
yuga of, 53 
Plumb-line, 30 
Fran dwell at Vadavàmukha, 


see southern h 
sphere, 69 
see Sun for half a year, 69 
Prime vertical, 69 
altitude of Sun on, 74 
Progression, arithmetical, num- 
ber of terms, 36 
sum, 35-36 
of any number of terms 
taken anywhere within, 
35-36 
of series made by taking 
sum of terms, 37 
sums of series made by taking 
Squares and cubes of 
terms, 37-38 
Proportion, 39 
Provector wind, 66 
Prthüdaka, quoted, 66 
Pyramid, volume, 26 


Quadrilateral, construction, 30 
orice in quadrant of circle, 


Radius, 61, 72, 74, 80 
equals chord of one-sixth cir- 
cumference, 27 
square of, 71, 77 


Reciprocal division, 42-46, 48- 
49 


Revolutions, of apsis of Moon, 9 
of asterisms are sidereal days, 
52 


of conjunctions of planets, 9 

of Earth eastward, 9 

of epicycles, 51 

of node of Moon, 9 

of Sun, are solar years, 52 
Moon, and planets, 9 


in yuga equal years of 
yuga, 15 
time and place from which 
calculated, 9 
Right ascension, equivalents in, 
of signs of zodiac, 71 
Romaka, 68 


Rule of three, 39 


Saturn. See Planets 
farthest from Earth, 56 
Series, made by taking sum of 
terms of arithmetical progres- 
sion, 37 
made by taking squares and 
cubes of terms of arith- 
metical progression, 37—38 
Shadow, midday, 74 


Shadow of Earth, eauses eclipse 
of Moon, 78 


diameter of, in orbit of Moon, 
79 


4 
length, 78 
made of darkness, 78 
moves along ecliptic, 63 
Shadow of gnomon, 31-33 
Sidereal day, 52 
Sidereal vindd@ikd, 51 
Siddhapura, 68 
Signs of zodiac, 13, 56 
day-circle of, 71 
right ascension, equivalents 
in, 71 
sine of, 71 
Sine of Sun, 72 


Sines, construction of, on radius 
of quadrant, 28 


table of sine-differences, 19 
calculation of, 29 


Sky, circumference of, 13, 14, 55 
Solid with twelve edges, 21 
Solar year, 52, 53, 69 

Space, measurement of, 51 
Sphere, volume, 27 
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wooden, made to revolve, 70 
half of stellar sphere de- 
picted on, 70 
Square, defined, 21 
Square root, 22-24 
Sripati, quoted, 66 
Sun, amplitude, 73, 74 
apsis, position of, 16 
base-sine, 73 
calculated from conjunction 
.. of Earth and Sun, 81 
diameter, 15 
eclipse. See Eclipses 
epicycle of apsis, 18 
Lord of Sunday, 56—57 
made of fire, 7 
moves along ecliptic, 63 
orbit is one-sixtieth circle of 
asterisms, 13 
relative position among plan- 
ets, 56 
revolutions, 9, 52 
in yuga equal years of 
yuga, 15 
sine of, 72 
altitude. See Altitude 
true place, calculation of, 59 
visible to gods and Pretas for 
half a year, 69 
to Fathers for half a 
month, 69 
to men for half a day, 69 
Sunrise school, 11 n. 
Süryasiddhünia, 10, 12, 14, 18, 
19, 57, 64, 72, 73 


Three, rule of, 39 


Time, beginningless and end- 


16585, oo 
measurement, 51 $ 
Total obscuration, in eclipse, 79 
Trapezium, area, 27 
perpendicular from intersec- 
tion of diagonals, 27 
Triangle, area, 26 
construction, 30 


formed in qu 


28 i 
hypotenuse of right-angle, 31, 
33 


to 
d 


True places of planets, 59-61 
Ujjain, 221 
Lanka, 68 
Vadav&mukha, 68, 69 
Vàsanàavárttika, 66, 67 
Venus. See Planets 
Versed sine, of Moon, 77 
Volume, pyramid, 26 


solid with twelve edges, 21 
sphere, 27 


Yavakoti, 68 
Year, 51 
of gods, 53 
of the Fathers, 53 


of men, 53 
solar, 53, 69 


Zenith-distance, 75 
Zero, 6—7 
Zodiaeal signs. See Signs 


degrees north of 


SANSKRIT INDEX 


Agra, 48, 45-46, 49 
Agrd, 73 

Aghana, 24-26 
Angula, 16 
Adhikonam, 79 
Anuloma, 58, 65 
Antyavarga, 2, 6 


Ayana, 51, 77 


Avarga, letters and places, 2-5 
in square root, 22-24 


Avasarpint, 53 

Asra, 21 n., 26 n. 
Agvayuja, 51 
Akégakaksya, 14, 55 
Aksadrkkarman, riri 
Aksavalana, 80 
Ayanadrkkarman, 77 
Ayanavalana, 81 
Indiccat, 54 


Ucca, 51, 52, 58 
Utkramanam, 77 
Utsarpini, 53 

: Udayajyd, 74 
Unmandala, 69, 72 
Upaciti, 37 


Kaksya, 57 
Kaksyémandala, 57, 58 
Kanya, 63 

Kam, 1 

Karkata, 31 

Karna, 30, 33, 61, 62 
Kalpa, 12 

Kuliaka, xiv 

Kuvasdi, 75 

Kofi, 70, 71 


Koti, 32, 33 
Kha, Y 
Khadvinavaka, T 
Khavrtta, 31 


Gunakárabhügahüra, 40 
Gola, 70 
Grahajava, 18, 62 
Grahavega, 62 
Grdsa, 34 
Ghatikd, 72 
Ghana, defined, 21 
in eube root, 24—26 
Cakra, 10 
Caturbhuja, 30 
Caturyuga, 55 
Citighana, 31 
Caitra, 55 
Chaya, 75 
Cheda, 73 
Tula, 60 
Taulya, 63 
Tribhuja, 30 


Drkkarman, 77 
Drkksepajyà, 74, 76 
Drkksepamandala, 70 
Drggatz;yà, 75, 76 
Drgjyà, 75 

Drgbheda, 76 
Drnmandala, 70 
Dvādaśđśra, 21 
Dveicchedagra, 43 
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Nadi, 51 
Nr, measurement of, 16 
number in a yojana, 15 


Pankti, 22 
ee: a 
D; RN Ost AR 
A QU UUA pulvin MU, 
Pratimandala, 5 
Pratiloma, 58 
Prana, 13 
number in a vinddikd, 51 


Bham, 14 
Bhujà, 31-33 


Madhyajyà, 74 
Madhyühnàt krama, 80 
Manda, 60, 61 
Mandakarna, 61 
Mandagati, 59 
Mandaphala, 59-60 
Mandocca, 52, 58, 60 
Mithyajfiána, 9, 14, 65, 67 
Mina, 63 

Mesa, 9, 11, 16, 60, 63, 71 


Fuga, beginning of, 9, 55 
at midnight, 11 n. 


at eunrisao 9, 11 n. 


division into four equal parts, 


measurement of, 58 
names for parts of, 53 


decrease of Earth, 64 
measurement of, 15 


Tuis in circumferencé of sky, 


in planet’s ‘orbit, 13 
of parallax, 76 


same number traversed by 
each planet in a day, 55 


Raéi, 13 


av 


Varga, defined, 2 
in square root, ct 
letters and places, 2-7 
Valana, 80-81 
Vinadika, 51 
Vimardardha, 79 
Viloma, 65 
Vyatipata, 51 
Vyastam, 60 


Satiku, 71, 72, 73 
Sankutala, 73 
Sarikvagra, 73 
Sara, 33 
Sighrakarna, 61 
Sighragati, 58 
Sighraphala, 59-60 
Sighrocca, 52, 58 
Satua devata 1 


I AM iy 


Samadala tkott, 26 


Sampütasara, 34-35 
Susama, 53-54 


number in period of à Manu, Sthünàntare, 22 
12 


revolutions of Earth, Sun, Sthityardha, 79 
Moon, and planets in, 9 Sphuta, 60, 61 
years í of, ; ‘equal revolutions of Sphutamadhya, 60 
DUIS S bhü, 1,81 
Yugapada, 12, 54 his 
Yoga, of Sun and Earth, 52, 81 , 
Yojana, measure of increase and Wasta, 16 
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